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ABSTRACT
Cottage cheese coagulum, formed by direct acidification of 189 
liters of 12.00% reconstituted nonfat dry milk (NFDM) , was cut, 
cooked and drained. Without washing, curd was creamed with hot 
dressing, held for various times to allow cream absorption, packaged, 
cooled and stored at 5°C. Dressing temperatures of 60, 71 or 82°C 
and holding times of 0, 30 or 60 min were investigated in order to 
determine the best combination for unwashed curd. Such parameters as 
yield, curd-to-cream ratio, amount of free cream, total solids, fat, 
microbiology, organoleptic properties and shelf-life were used to 
evaluate creamed unwashed cottage cheese quality.
No-washing treatment resulted in good yields and high total 
solids, but all combinations of dressing temperatures and holding 
times were not considerably different in cheese quality. However, 
organoleptic properties were comparable to those found in
conventional cheese, but shelf-life was much longer. The combination 
of 71°C dressing and zero-holding was selected as most suitable for 
unwashed curd. Samples from this combination attained a 47d
shelf-life, while receiving flavor ratings of 7.0 (1-10 scale) at Od,
7.0 at 7d, 6.8 at 14d, 6.3 at 21d and 5.3 at shelf-life.
On using 71°C dressing and zero-holding combination in
conjunction with different curd forming methods, cheese quality was 
not significantly different. However, samples from hot dressing were 
much better in some attributes than their conventional counterparts. 
Hot packed samples attained 50d shelf-life, whereas control
xiii
(conventional) cheese barely survived 35d. Comparisons involving 
zero, one and two washes with the combination showed that zero wash 
samples were not different from one wash in flavor, but were somehow 
lower than two washes. One and two washes were not different 
flavorwise. Cheese treated with 71°C dressing containing added 
starter distillate received higher flavor ratings than untreated 
samples through 35d during storage, thenceforth scores were about the 
same through shelf-life.
xiv
INTRODUCTION
The goal of every cottage cheese manufacturer is to be able to 
consistently produce a product which is not only high in quality but 
also has a shelf-life of at least four weeks. This goal has not been 
consistently realized due mainly to the circumstances that surround 
the manufacture of cottage cheese which make it highly susceptible to 
contamination by spoilage microorganisms. This leads to a very short 
shelf-life which is commonly 14-18 d. As a result, the distribution 
of cottage cheese is frequently restricted to the immediate local 
area of production.
The primary causes of the rapid deterioration of the
organoleptic properties of cottage cheese are microorganisms and the 
enzymes which are liberated by them (5, 18, 70, 112, 132, 148).
Numerous reports have indicated that psychrotrophic bacteria 
constitute the major spoilage organisms of cottage cheese (18, 54, 
117, 133, 134) . Furthermore, the sources of psychrotrophs are the 
post-cooking treatments involved in washing, cold dressing and 
packaging (40, 70, 80, 136, 137) . The primary reason for
incriminating these sources is the fact that most, if not all, of the 
spoilage organisms do not survive cookout temperatures higher than 
54.4°C (23, 29).
Since wash water has long been recognized as an important source 
of contamination (26, 17, 70, 136), cottage cheese manufacturers
generally follow the practice of acidifying the wash water to
approximately pH 5, followed by the addition of sodium hypochlorite
1
2to a maximum concentration of 10 ppm in an attempt to destroy all the 
spoilage organisms present. The acid pH is necessary for the optimum 
bactericidal action of chlorine. However, it has been demonstrated 
that more microorganisms adsorb from water onto the cheese when wash 
water is acidified to pH 5.
A patent issued to Hussong et al. (79) and a study by Overcast 
and Mackens (135) indicated that hot packing could effectively be 
used to reduce the bacterial loads of cottage cheese, without 
sacrificing any of the quality attributes.
From the aforementioned reasons, it can be hypothesized that any 
manufacturing practice which involves little or no use of water after 
cooking, followed by packing at temperatures higher than 54.4°C will 
minimize contaminations and prolong the shelf-life of creamed cottage 
cheese. In addition, minimizing use of water in cottage cheese 
manufacture could help to reduce cost since the treatment and use of 
wash water often constitute a large portion of production costs in 
the cottage cheese industry. Therefore, the objectives of this 
research were as follows: 1) To determine if no-washing of curd and 
hot dressing could be successfully used to produce creamed cottage 
cheese with desirable quality attributes and a prolonged shelf-life; 
2) To obtain a specific combination of hot dressing temperature and 
holding time which optimizes with unwashed curd to provide creamed 
cottage cheese with acceptable quality attributes ; and 3) To verify 
the effects of the selected optimum dressing temperature and holding 
time in combination with different methods of curd formation, washing 
treatments and the addition of flavor preparation to dressing on the 
attributes of creamed cottage cheese.
REVIEW OF LITERATURE
Cottage Cheese
Cottage cheese is a soft, unripened, white cheese, generally 
made by acid coagulation of skim milk, followed by cutting and gentle 
cooking until the moisture content is reduced to a desired level with 
proper consistency (127). The whey is then drained, after which the 
curd is washed and salted. A creamy mixture may also be added to 
provide sane organoleptic qualities (127).
According to the Federal Standard of Identity for cottage 
cheese, as stated in CFR 133.128 (62), uncreamed cottage cheese must 
contain not more them 80% moisture content, while creamed cottage 
cheese, in addition to maintaining this moisture level, must contain 
not less than 4% butterfat. Lowfat cottage cheese, on the other 
hand, must contain not less than 0.5% nor more than 2% butterfat and 
not more than 82.5% moisture. The regulation also stipulates the 
conditions of stabilizer use and the types allowed, but the amount 
must not exceed 0.5% by weight of the cream dressing.
Types of Cottage Cheese
Various types and forms of cottage cheese, scsne of which have 
ethnic or geographical significance., may be encountered. Kosikowski 
(95) lists the types that can be found in the United States as sweet 
curd, acid curd, pot, farmer's pressed, block or round, whipped 
cream, hanogenized, and smearkease.
3
4Sweet curd or rennet cottage cheese (95) originated o the West 
Coast of the United States and is made purely fran rennet. It has a 
pleasant, bland flavor and has relatively low acidity. The curds are 
compact and are characterized by a meaty texture.
Acid curd cottage cheese (95) has its origin in the Eastern 
United States. Unlike the sweet curd, acid curd cottage cheese is 
made without rennet or commercial coagulator has a fine diacetyl, 
sharp acid flavor, but the body is usually pasty and the curd 
particles are irregular.
Pot cheese (126) is plain cottage cheese curd, usually with no 
added salt and contains little or no fat. However, seme pot cheese 
may contain as high as 6% fat.
Farmers' pressed cheese (95) is a popular 4% fat cottage cheese, 
made without rennet but lightly pressed. In its manufacture, cream 
is usually added to the skim milk prior to curdling, to provide it 
with more fat as well as influencing flavor and texture. The fat 
level varies fran 9 to 12% and moisture from 67 to 69%. Its flavor 
is slightly acid but sweet and aromatic, while the texture displays a 
fine velvety smoothness with excellent slicing qualities (95).
Flavored cottage cheese may be produced by adding specific 
flavoring to the creamed cottage cheese. Besides the addition of 
arana and flavor compounds of buttermilk (42,105,112), various 
condiments, including vegetable, chive, pineapple, peach and olive 
may be added to cottage cheese.
Whipped-cream cottage cheese (54) is obtained by treating 
large-curd cheese either with a 10% brine solution or with
5homogenized milk to produce a tender curd. After holding for 24 h, 
it is blended into freshly whipped heavy cream of about 8% fat 
content and then sold immediately.
Homogenized cottage cheese, which is used in chip dips, is 
produced by a method developed by Kosikowski (92). In the process, 
curd and sour cream are blended to a smooth consistency to give a 
product containing 4% fat at pH 4.7. The product is then homogenized 
at 91.4 to 119.5 Kg/cm^ (1300 to 1700 p.s.i.) single stage. 
Different condiments may be blended into the product (54).
Other names sometimes associated with types of cottage cheese 
include "Dutch", baker's, hoop, farm-style, old-fashioned, 
small-curd, large-curd, popcorn (127),Crcwdie (131), Clabber (160) 
and Saga (160).
Manufacture of Cottage Cheese
Source of Skim Milk
The quality of skim milk is very important in determining the 
yield and quality attributes of cottage cheese (6, 14, 33, 110, 144, 
180, 182). Therefore, skim milk intended for cottage cheese
manufacture must be of high bacteriological quality and practically 
free of such off-flavors as feed, weed, malty and unclean (54). The 
milk must also be free of antibiotics and other bacteriological 
growth inhibitors for satisfactory growth of starter bacteria and 
rapid acid production (95, 129) .
6Milk may be obtained either by the skinning of fresh whole milk 
or by use of specially processed non-fat dry milk (54, 174). Nonfat 
dry milk (NDM) is frequently used to increase the solids or casein 
content of fresh skim milk or as the sole source of skim milk solids 
in the areas or seasons of short supply of fresh skim milk (60, 61, 
177, 181) . The optimum level of total solids in reconstituted milk, 
necessary to make good quality cottage cheese is 11% and the maximum 
is 14%. Extra grade, low heat NDM is recaimended (145, 177) for 
cottage cheese manufacture if desirable curd is to be formed (Table 
1) .
The degree of heat treatment given to NDM can be assessed by 
testing it for undenatured serum proteins. Low heat powder which 
contains greater than 6.0 mg of undenatured serum protein nitrogen 
per gram by the Harland-Ashworth test (1) has been found to be most 
satisfactory for cottage cheese manufacture. Aside from low heat 
treatment, the powder should be free of antibiotics and must be of 
the highest quality with respect to SPC, solubility index, fat, 
moisture, titratable acidity and scorched particles (54).
Once a skim milk supply is accepted as being wholesome for 
cottage cheese, it is then pasteurized, using a minimum heat 
treatment. Batch pasteurization at 62.7°C for 30 min and H.T.S.T. at 
72°C for 16 s yield equally satisfactory curd (54) . Whenever higher 
heat treatments sure used, special manufacturing procedures must be 
adhered to in order to obtain good quality curd. According to Emmons 
et al. (46) and Durrant et al. (38) higher heat treatments result in 
whey protein denaturation, and when special manufacturing procedures
7TABLE 1. Specification of extra grade skim milk powder for 
cottage cheese (95)
Moisture
Butterfat
Acidity
Solubility index 
Curd tension 
Whey protein nitrogen 
SPC
Thermophiles 
Scorched particles 
Flavor
Dispersibility
4.0% maximum
1.25% maximum
0.15% maximum
1.25 ml maximum
35g minimum
6.0 mg/g minimum
50,000/g maximum
10,000/g maximum
Disc "B" (15.0 mg)
Sweet, desirable, slight cooked, 
feed, flat 
Free fran lumps
are adopted, the denatured proteins are retained in the curd, 
amounting to at least 10% increase in yield. Vakaleris (173) has 
reported a procedure which utilizes ultra-high-temperatures for 
heating skim milk for cottage cheese.
Most manufacturers reccranend the addition of CaC^ to higher 
heat-treated skim milk for cottage cheese manufacture, in order to 
improve the strength and firmness of curd. However, there appears to 
be no research finding to support such practice (169). Emmons and 
Tuckey (54) observed that although the addition of CaC^ may help in 
some isolated cases, this does not warrant the necessity of adding it 
as a standard practice.
Curd Formation
In the widespread commercial production of cottage cheese, 
pasteurized skim milk is cooled down to a temperature which depends 
on the procedure being used for 'curd formation. The cottage cheese 
maker has a choice of which of the following setting procedures to 
use: bulk starter, direct-to-vat-type starter, direct acidification 
or continuous fermentation process.
Bulk Starter Method
Cottage cheese is a lactic acid precipitated type of product, in 
contrast to such ripened cheese as Cheddar or swiss, which is derived 
from enzyme coagulation of milk (174). In cottage cheese, 
coagulation is initiated by addition of commercial lactic starters 
containing Streptococcus lactis and/or £5. cremoris as the dominant
9acid producer and Leuconostoc citrovorum as a dominant flavor 
producer (54). The amount of starter, which may range frcm 0.5 to 
10.5% (by weight), varies with the setting time being used (Table 2). 
The skim milk forms a curd at 32°C when enough lactic acid carries 
the pH down to 4.6, the isoelectric point of casein (95) . The speed 
of curd formation highly depends on the conditions under which the 
milk is set (95). These conditions differ chiefly in temperature of 
setting and the amounts of starter and coagulator used, Table 2.
Short-set
The short-set procedure is widely used chiefly because it can be 
carried out within one working day (54) . The steps involve the use 
of 5% starter to inoculate pasteurized skim milk at 32.2°C. This is 
followed by addition of either a single strength rennet at a rate of
1.0 ml per 454 kg of milk or a commercial coagulator used according 
to manufacturer's instruction, about 1 h later. The curd usually 
forms under these conditions after 4 to 5 h incubation (95).
Long-set
The long-set or overnight-set is similar to the short-set 
procedure, except that the amount of starter added to the milk here 
is 0.25 to 1% and the temperature of setting is 22.2°C (95, 144, 
174) . The vat is usually ready to cut after 12 to 16 h of 
incubation. It is more difficult to estimate in advance the proper 
cutting time with the long-set than it is with the short-set 
procedure. This means considerable time may be lost in waiting for
10
TABLE 2. Ccmpensating changes in starter and incubation temperature 
with shift in setting times (95)
Short-set Medium-set Long-set
Time for cutting curd 5 h 8 h 14-16 h
Temp of milk set 32.2°C 26.7°C 22.2°C
Starter concentration 5% 3% 0.5%
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the proper cutting time in order to avoid the impairment of curd 
(54) .
Medium-or Intermediate-set
This is an indefinite term which encompasses all the procedures 
in which 1-5% of starter is needed and the setting temperature is 
between 22° and 32°C (95). The setting-time also varies between 5 
and 12 h.
Direct-to-the-vat Method
The most recent starter innovation has been the development of
frozen concentrated bulk starters. In order to prepare the cell
concentrates with a sufficiently high population, a pure culture is
introduced to a warm base, which is made up of dry milk, dextrose,
phosphate salts, yeast extract, and pancreatic growth activator
(147) . The medium is maintained at a controlled pH during cell
growth. When the cells are nearing the end of their logarithmic
growth phase, they are separated by a desludging separator and
11standardized with sterile milk to a count of about 10 cells per 
gram (147).
The standard sludge is quickly reduced to 2°C by glycol, 
aseptically sealed in filtered air environment in sterile cans and 
rapidly frozen in liquid nitrogen to -196°C (95) . This preserves
their viability for many months. A concentrate obtained this way 
contains enough cells, whereby 81 ml would be equivalent in number to 
those found in a 38 liter quantity of regular starter (147).
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To make cottage cheese curds with these concentrates, the 
manufacturers reccmrend that the frozen cans be placed under running 
water until the contents are loosened from the sides. Then the cans 
are placed in a hypochlorite solution containing about 200 ppm of 
available chlorine. After 2 to 3 min in the chlorinated water, the 
excess is shaken frcm the cans, the lid removed and the content 
emptied into the vat containing pasteurized skim milk at 32.2°C 
(147) . The rate of inoculation is generally as shown on Table 3. 
The vat is set after thorough agitation which usually leads to a firm 
curd and pH 4.6 after about 4 h incubation.
Advantages of direct-to-the-vat starters are reported (95, 123 
147) to be (a) high resistance to phage, (b) no transfers or 
propagation of mother cultures, and (c) good reliability as stand-by 
or emergency starter stock.
Direct Acidification Method
The use of starter cultures in the manufacture of fermented 
dairy products is still very much unpredictable even under optimum, 
conditions. This is due to the risk of phage infections and the 
contamination of the milk supply by antibiotics (67, 78, 81, 129). 
Also associated with the use of starters are the high labor 
requirement for their maintenance and propagation, and of most 
importance, are the difficulties encountered in trying to completely 
automate and convert frcm batch to continuous operations processes 
which are dependent on starter activity (inflexibility in regard to 
conditions of pH, temperature, etc.) (63).
TABLE 3. Amount of frozen starter required to set milk (95)
Amount of milk (liters) 
7,600 
15,200 
30,400 
45,600
76.000
152.000
Amount of Starter (ml) 
75 
150 
300 
450 
750 
1,500
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For these and various other reasons, there has been interest for 
many years in the possibility of developing chemical/biochemical 
alternatives to starters in the manufacture of acidified dairy 
products, including cottage cheese. In fact, the substitution of 
hydrochloric acid for bacterial fermentation in cottage cheese 
manufacture appears to have been attempted as early as 1909, followed 
by a number of unsuccessful studies (109).
It was not until 1960 that Deane and Hammond (37) investigated
and found two acid anhydrides (meso-lactide (ML) of lactic acid and 
D-glucono-delta-lactone (GDL)) to be satisfactory for the manufacture 
of cottage cheese. In 1962, a direct acidification procedure, which 
involved the sufficient addition of lactic or HCL to skim milk at 5°C 
to reduce the pH to about 4.5 and then heating without internal 
movement of the milk, was described for cottage cheese by McNurlin 
and Emstrcm (115) .
A patent issued to Little (100) utilized a modification of cold 
acidification for the batch manufacture of cottage cheese. In this 
procedure, sufficient rennet was added to the cold acidified milk to 
induce coagulation without the necessity of heating. The curd was
then cut at 4.4°C and the cooking operation started. Some of the
various techniques for direct acidification of milk for most soft 
cheeses are shown in Table 4.
In most of the direct acidification procedures currently used 
for cottage cheese manufacture (7, 65, 66, 89, 99 116, 178), the 
pasteurized skim milk, maintained at temperatures below 10°C, is 
acidified to about pH 5.0 with an approved food grade acid and then
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TABLE 4. Same techniques for direct acidification of milk for soft 
cheese (95)
Precipitant-Process By Applications
Meso-lactide 
D-glucono-delta-lactone Deane and Hammond (37) Cottage cheese
Food grade acids to about 
pH 5.0, then plus 
D-glucono-delta-lactone
Corbin (32) Cottage
HCl or phosphoric
at pH 4.6 and no stirring Little (99,100) Cottage
Acid whey powder-directly Kos ikowski (95) Ricotta 
Mozzarella 
Queso Blanco
Ultra-filtrate acid whey 
concentrate naturally 
delactosed - directly
Kosikowski 
and 
Hirschl (95)
Ricotta 
Mozzarella 
Queso Blanco 
Cottage
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heated in a jacketed vat to 32.2°C. Coagulations does not occur 
under these conditions but is induced by the addition of sufficient 
D-glucono-delta-lactone (in solution) to decrease the pH to 4.7. The 
milk is then left quiescent for about 60 min, during which a firm 
curd is formed.
Determination of Time to Cut Curd
The selection of the time to cut curd is one of the most vital 
steps in cottage cheese making. This step determines the yield, curd 
firmness, the cooking temperature required, and shattering of the 
curd. It may be said of cottage cheese manufacture, "when the curd 
is cut, the cheese is made" (54).
In determining the time for cutting the curd, it is important to 
keep in mind that the curd is a casein or protein gel (69) . Fluid 
skim milk contains about 2.5% of casein micelles. During 
coagulation, the micelles interconnect to form a network of casein 
fibers, which gives the curd its rigidity, but whey still forms 97% 
or more of the curd and fills the gaps or interstices of the protein 
fibers. When the curd is cut, this fiber network shrinks and whey is 
forced out (95, 114, 174).
Several methods are used to determine when the coagulum is ready 
to be cut. These include the titratable acidity of the whey, pH 
measurement, and the acid-coagulation (A-C) test.
Titratable Acidity of Whey
Though titratable acidity has been used extensively to determine 
the cutting time of cottage cheese, its measurements have certain
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serious limitations worth noting (54) . Titration values of the whey 
are only an estimate of the pH of the curd and there are several 
factors that influence the relationship between pH and titratable 
acidity. Seme of the factors include total solids (184), the types 
of byproducts frcm the starter, the composition of the skim milk, gas 
production by the starter (48), and time. Skill and experience of 
the cheesemaker can sometimes be used to compensate for these
variables (144).
The titratable acidity of the whey is determined by neutralizing 
9 ml of whey, e.g. pH 4.8, with 0.1 N sodium hydroxide to the
phenolphthalein endpoint (pH 8.3) (9). In the process, only the
undissociated acids in the whey contribute hydrogen ions (H+) for 
combining with the hydroxyl ions (OH ) of the sodium hydroxide (54) . 
Casein remains with the curd and is not neutralized. For this
reason, titration values of whey (pH 4.8) are lower than titration 
values of coagulated skim milk (pH 4.8).
The situation is even more complicated where gas-producing (151,
152) or citrate-fermenting cultures are involved (105) . This is 
because the citrate fermented by the starter bacteria does not have 
the net effect of a buffer, using up hydrogen ions from the lactic 
acid production as the pH is lowered from 6.6 to 4.8 in the vat. 
Also, the citrate is not in the whey to release hydrogen ions for 
titration as the pH is raised. Gas-producing bacteria have as their 
byproducts, lactic acid, acetic acid, carbon dioxide, and small 
amounts of other acids which influence the relationship between 
titratable acidity and pH (54).
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Skill and experience are highly essential for a cottage cheese 
maker, utilizing titratable acidity to be able to compensate for all 
the variables which influence the relationship between pH of the curd 
and TA of the whey (144) . The range in correct TA of cutting can be 
from 0.42 to 0.58% or higher. Since total solids content has been 
determined to be a major factor, Enmons et al. (43) reported cutting 
at the following acidities, in relation to the total solids, to be 
satisfactory: 0.44% TA for 7.8% solids; 0.50 for 8.7; 0.55 for 9.6;
0.62 for 10.5, 0.74 for 12.4; and 0.86 for 14.3.
Hydroqen-Ion Concentration or pH
The pH of the curd is a more preferred method of determining 
when to cut cottage cheese curd than titratable acidity, provided 
that the operator has been trained and satisfactory equipment and 
facilities are available (54). The most important factor considered 
when utilizing the pH to select the cutting time of cottage cheese 
curd, is that the rate of whey expulsion decreases as the pH of the 
curd decreases (54).
Several factors affect the pH of cutting. At a given cutting 
pH, the amount of whey expelled during cooking decreases as the 
amount of coagulator used increases, in which case the cooked curd is 
softer (155, 174). Hence, a lower cutting pH is recommended for 
acid-set curd which contains no coagulator (95). Since small curd 
expels whey faster than large curd, the cutting pH for small curd 
should be slightly lower. Also, if heat treatments given skim milk 
are higher than those for usual pasteurization, the cutting pH should
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be higher and in such case the A-C test (43) is more useful for 
determining the cutting time.
A pH of 4.70 is commonly used for cutting cottage cheese curd 
(95), but the range is frcm 4.55 to 4.80, depending on the 
physico-chemical nature of the coagulum and body characteristics 
desired (174). In a laboratory study which evaluated cutting pH's of 
4.6, 4.7, 4.8 and 4.9 under similar conditions of cooking (54), the 
curd cut at pH 4.8 was found to be most satisfactory, while those cut 
below pH 4.8 were characterized by softer texture, lower total solids 
and greater amount of fines in the whey. As for the curd cut at 4.9, 
the texture was too firm and yields were low.
Acid-Coagulation (A-C) Test
The A-C test (43) for determining the cutting time has been used 
with particular success in the short-set procedure where coagulator 
is used. When properly administered at 32°C, the test gives a 
cutting pH of approximately 4.8. Besides its success in the 
short-set procedure, the A-C test has also been found to be very 
useful in selecting the cutting point where skim milk has been heated 
at higher temperatures to denature the serum or whey proteins for 
increased yields (54, 144). As the temperature of heat treatment 
increases, the pH at the A-C endpoint increases in proportion to the 
amount of serum protein denatured.
In the A-C test procedure (43) , a sample of the skim milk in the 
vat is taken by means of the A-C test beaker after the starter has 
been added but immediately before the addition of the coagulator.
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The beaker is then suspended in the vat with the surface of the skim 
milk in the beaker slightly below that in the vat. As soon as 
coagulation is obtained in both the vat and beaker, the curd in the 
beaker is cut two or three times with a spatula. This cutting is 
repeated at 5 min intervals, until the surface displays fine lines of 
whey in the cuts made previously, This is usually about 10 to 20 min 
after the initial cuts. The curd in the vat is then ready for
cutting.
The success of the A-C test depends on the same rate of acid 
development at the surface of the sample as in the rest of the beaker 
and the vat (54) . Therefore, cooling of the surface of the A-C test 
sample must be avoided. Also, the use of agglutinating cultures 
usually results in faster acid development in the A-C test sample, 
since it receives less stirring than the vat (54).
Other Less Accurate Methods
Other less dependable methods of determining cutting time of 
cottage cheese curd as reviewed by Price et al. (139) include the 
clock, cutting at a predetermined time and the "split", which is a 
subjective estimate of the firmness of the curd.
Cutting of the Curd
Cutting at the correct stage of acid development is highly 
imperative if the desired properties of a good quality cottage cheese 
curd are to be attained (6). Proper cutting is absolutely necessary 
to obtain uniform size for all curd particles (93) . Also, uniformity 
of curd particles is very important for high quality cottage cheese,
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especially in terns of appearance and body and texture (124).
The cutting apparatus used for cottage cheese is a wire knife 
which consists of fine wires strung on a metal frame. In the cutting 
operation (95), the horizontal cut (length of the vat) is made first. 
Next, the vertical knife is used to cut the curd across the vat and 
then down its length. The proper technique for inserting the two 
knives will insure more complete cutting of all the curd without 
excess cutting. The knives should be pulled at a slow, uniform 
speed. A well formed and properly cut curd should expel whey easily 
and have the desired degree of firmness. Such curd should not mat or 
shatter excessively.
There are three different sizes of curd particles that can be 
obtained frcm cutting, depending on the size of knife used. The 
three sizes are large curd, small curd and medium curd (127). Large 
curd results from cutting the coagulum with large knives which have 
wire sizes of 1.56 to 1.88 cm. The larger the curd particles, the 
more care that must be taken during cooking and handling in order to 
achieve a uniform curd (144). Small-curd cheese is made by cutting 
with small knives having a wire size of 0.63 cm. Since smaller curd 
expels whey more quickly, cutting acidities are usually slightly 
higher (lower pH) than those of large curds. Medium curd is usually 
obtained from wire knives of size 0.94 cm.
Virtually all modem cottage cheese manufacturers now market 
just the large-curd and the small-curd cheese. Although the curd 
varies slightly, both types usually are of comparable quality (127).
22
Special Problems Associated With Cultured Cottage Cheese
1. Slow or Dead Vats
A vat of cheese milk is called "slow" when lactic acid is not 
produced by starter culture frcm lactose at the desired rate of speed 
(95) . Almost any condition which leads to an impairment in the 
growth of starter culture bacteria results in a "slow" vat. Though 
the causes of slow starters are not fully understood, some of the 
most common ones include irregular transfers, uneven incubation 
temperatures, over-ripening, and inhibitory forces such as bacterio­
phage, antibiotics, sanitizing agents, and natural inhibitors (95).
"Dead" vat is a situation where there is complete absence of 
acid development after a normal period of incubation during which a 
firm curd should have been formed (174) . The reasons for a "dead" 
vat are similar to those already listed above for a slow vat, except 
that the concentrations of the inhibitory agent(s) may be greater 
here, resulting in a complete stoppage of starter activity (95).
I. Bacteriophage
Bactaeriophage (phage) is a virus which has the ability to 
attack and disintergrate a bacterial cell (174). When present in 
skim milk, phage can inhibit or completely stop the activity of 
starter bacteria during cottage cheese manufacture. Phage is 
inclined to be specific in its action and may only affect one strain 
or closely related strains of bacteria (174). The T phage are the 
specific class associated with lactic acid streptcocci (95) . The 
ability of phage to attack closely related strains was proven by
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Johns and Katznelson (174) , when they used a polyvalent phage to 
attack all 10 strains of bacteria in a mixed culture. Babel (11) 
reported that this versatility of phages is possible because of their 
modes of attack, which involves affecting only one strain first, 
after which they gradually develop power to attack other strains.
Van Slyke and Price (174) reported that there are apparently 
many types of phage which may attack starter bacteria, sane of these 
are specific while others are not. While seme starters are resistant 
to phage action (78), others are extranely sensitive and Nelson et 
al. (174) observed that the concentration of phage in the culture 
increases only when the starter bacteria are sensitive.
Cheese manufacturers at one time or another have had to deal 
with seme of the difficulties associated with presence of phage in 
the starter culture or milk. Johns (81) reported abrupt stoppage of 
acid development by phage in a Canadian cheese plant, even when mixed 
starters containing several strains of acid-forming organisms were 
used. In a study involving the presence of phage in cottage cheese 
manufacture, Babel (11) observed that only slight acid development 
occurred during the first 20 h of setting. However, secondary growth 
of resistant bacteria began after 24 h, despite the continued 
presence of the phage in high concentration.
Van Slyke and Price (174) presented a summary of a program which 
can be used to protect starters and cheese against phage effect:
(a) An isolated room or building should be provided solely for 
starter making.
(b) Starter vats, cans, and container should be sealed against 
air currents by tight fittings.
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(c) Filtered air forced into the starter building or room should
cause an outward flow of air when the door is opened.
(d) Bulk starters should be made in batches for separate vats so 
that if one vat is contaminated, all vats will not be 
affected.
II. Antibiotics
Pharmaceutical antibiotics such as penicillin, streptomycin and 
aureomycin enter milk supply due to their uses by farmers to control 
mastitis and other diseases (129). The antibiotic residues are 
retained by the udder tissue and contaminate the milk, unless the cow
is dry (95) . The law regulates that whenever a cow is given
intermammary treatment with pharmaceutical antibiotics, the milk from 
such cow should be withheld for at least 72 h (21).
The mere presence of pharmaceutical antibiotics in cottage 
cheese milk is significant because the smallest concentrations can 
inhibit the activity of starter cultures, resulting in a slow or dead 
vat (95) . The most frequently encountered and by far the most 
important of these antibiotics is penicillin which has been found to 
slow lactic acid fermentatxons at a concentration of 0.05 
International Unit (I.U.) per ml of milk and completely stop acid 
development at 0.1 to 0.2 I.U. per ml of milk (95).
111• Sanitizing Agents and Natural Inhibitors
Sanitizing agents such as quartemary ammonium compounds, 
chlorines and iodine may contaminate milk through carelessness in
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rinsing of vats and pipelines. Though their role in adversely 
influencing fermentation action of bacteria is well documented, they 
do not approach the bacteriostatic effectiveness of pharmaceutical 
antibiotics (95) . The levels of sanitizer necessary to inhibit 
starter bacteria in cheese milk are very low, though far greater than 
those of penicillin.
Natural inhibitors include natural antibiotics found in milk. 
Such antibiotics are produced by the normal bacteria of milk as a 
defense mechanism against pathogenic organisms. Jones and Simms (83) 
reported the present of lactenin, a bacterial growth inhibitor 
produced by one organism against other organisms, in milk. Other 
natural inhibitory substances which may be found in milk are reported 
(95) to be present on seasonal basis, particularly in the winter or 
late Spring.
2. Agglutination
Generally, aggultination is the reaction of a soluble antigen 
with its homologous antibody to cause aggregation and clumping of 
cells (185). These aggregated clumps pose a problem in lactic 
streptococcal cheese starters either by promoting an uneven 
distribution of the bacteria in milk or by complete removal by 
settling of bacteria (149) which causes uneven production of acid and 
adversely affects curd formation (50, 52).
One of the first observations of anti-streptococcal activity was 
made by Jones and Little (82) when certain strains inoculated into 
raw milk died while other streptococcal strains grew well. They
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assumed that milk contained a heat-labile antistreptococcal 
substance, which was later named lactenin (83).
In cottage cheese manufacture, Emmons et al. (50) noticed 
granular sludge formation on the bottom of cheese vats when certain 
starter bacteria were used. The sedimentations showed a high 
bacterial concentration, resulting in casein precipitation due to 
high acid production in the area. During cooking, the sludge broke 
readily into grit or fines, reducing quality and yield of cottage 
cheese (93) .
The possibility that agglutinins may play an important role in 
slow acid production by starters during milk fermentation was 
suggested (149) , but Errmons et al. (52) as well as other researchers 
(67, 90, 165) indicated that agglutinating antibodies in milk were 
not inhibitory. Emmons et al. (52) also observed that prolonged 
agitation of inoculated skim milk promoted starter strain 
agglutination and retarded acid development. They further noted that 
the actual settling of bacteria was the cause of agglutination, thus 
discounting pH as the sole indicator of the time to cut curd.
Tests which enable cottage cheese makers to effectively detect 
streptococci which are sensitive to agglutinins in skim milk are now 
available (39, 51) .
3. Floating Curd
This problem may occur during the cooking of cottage cheese. 
Floating curd is caused by bubbles of gas that form in the curd as 
the temperature is raised (54) . Such curd is usually characterized
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by matting and shattering because the bubbles rupture the particles. 
Emmons and Price (54) indicated that the shattered curd is difficult 
to drain after washing and the yield is very low, since it is 
difficult to control.
The gas responsible for the floating curd was reported (151,
153) to be carbon dioxide produced by certain starter cultures, 
particularly such aroma-producing strains as Streptococcus lactis 
spp. diacetilactis. These authors also found that high gas-producing 
cultures also produced high levels of butter or buttermilk aroma. A 
simple apparatus for measuring the gas production of lactic starter 
cultures has been developed to aid in the selection of low gas 
producing cultures for cottage cheese (151).
Cooking
Cooking of cottage cheese curd usually commences about 20 min 
after it is cut. The time lag is necessary to permit the curd to 
firm slightly and expel seme whey, which is necessary to suspend the 
curd particles during initial agitation and help to minimize 
shattering (54).
The primary purpose of cooking is to facilitate the removal of 
whey and firming the curd (95). When the curd is cut, the network of 
casein micelles shrinks and whey is forced out, in a manner similar 
to water being squeezed frcm a sponge, except that the forces 
shrinking the curd come frcm within the casein gel itself (54) . As 
the temperature is raised more whey is expelled and the resulting 
curd is firmer. Lundstedt (102) reported that most of the increase
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in firmness occurred during the first 25 to 30 min of holding at any 
temperature, and that firmness did not increase appreciably after 
that.
Seme of the factors (54) which influence the temperature and 
time of cooking include the size of cubes, acidity, sweet or sour 
curd, type of heat treatment given the skim milk, composition of skim 
milk and total solids, and soft or firm style curd. All together, a 
successful cooking operation should result in curd particle that has 
uniform firmness from the surface to the interior of the particle 
with all particles having tire same firmness (144) .
Heating procedures vary widely frcm one plant to another. 
Traditional cottage cheese vats are jacketed to hold water, which is 
heated by steam and sprayed internally by a pump (95) . Most 
manufacturers today use direct steam injection systems in which whey 
is pulled up frcm the vat through a pipeline, where it is heated by 
high pressure steam and then discarded back into the vat at an open 
end of a continuous cycle (95) . Hartley (73) and Blaine (17) have 
investigated the use of dielectric heating, which involves passing an 
alternating current directly through curd and whey. This procedures 
heats both the interior and exterior of the curd particle at the same 
rate but is extremely expensive (95).
The rate of heating should be slew and uniform, particularly 
during the initial stages of cooking (174). In the short-set 
procedure for large curd, a successful heating practice has been to 
raise the temperature about 1°C every 10 min for the first 60 min and 
1°C every 5 min thereafter, until cookout, which is usually at about
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55°C (94) . Cookout temperature could be as high as 62°C and the 
cooking period up to 3 h. This high cooking temperature destroys 
potential spoilage organisms such as the psychrotrophs, starter 
bacteria (29), and pathogens, such as salmonella (172). The rate of 
heating may be increased with the long-set procedure or with 
small-curd cottage cheese (54). A heating procedure must be steady 
to avoid excessive acid production in the case of the culture-set 
curd, yet not rapid enough to result in a tough layer on the surface 
of the curd particle with a soft interior (144) .
Shattering of the fragile curd occurs if agitation is too rapid, 
especially during initial stage of cooking (174). However, agitation 
should be sufficient enough to prevent curd frcm matting on hot metal 
surfaces and permit efficient heat transfer to the whey. Proper 
agitations usually achieves an optimum balance between the factors of 
matting and shattering (54). To minimize shattering, seme 
manufacturers of large curd use manual agitation throughout the 
cooking operation to achieve better results, while others use 
mechanical agitators after an initial period of manual agitation. 
Some others even use automatic cooking method in which mechanical 
agitators are programmed to be on and off intermittently (95, 141).
The acidity of the whey and curd mixture should be carefully 
controlled during cooking. If the acidity is too high (too low a 
pH) , the curd will not expel the whey and then becomes too soft at 
cookout (54) . The starter bacteria used in culture-setting 
continues to produce acid until the temperature reaches 40°C. Even 
then, some changes still occur in the acidity of the whey because
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acid continues to diffuse out of the curd (54). Too high acidity can 
be controlled by the rate of cooking or by use of neutralizing or 
acidifying agents.
The determination of the end of cooking is one of the most 
difficult tasks a cottage cheese maker has to face (144). This is 
because the decision helps to determine the yield of curd, all other 
things being optimum. Sane of the general practices used to 
determine the end of cooking (95, 144, 174) include: (a) dropping
particles individually in a pan on the floor with spattered curds 
indicating incomplete cooking; (b) splitting curd particles apart by 
hand and observing for uniform meaty texture without whey pocket; (c) 
dropping a handful of curds in cold (4°C) water for 2-4 min, 
squeezing in hand and releasing - a flexible resistance without 
crumbling or stickiness indicates that cooking is well advanced; 
and/or (d) mechanical devices (45, 103, 104, 176) which determine 
time to end cooking by measurement of curd firmness.
Draining and Washing
Soon after cooking is ended, whey is drained down to the surface 
of the mass of curd. Then the first wash water is added (77). The 
standard practice is the use of two or three washings (144) . Where 
three washings are adapted, the temperatures for the first, second 
and third washes are commonly 27°, 10° and 4°C, respectively. While 
the three wash procedure tends to give a bland-tasting curd, the 2 
wash gives a slightly acid-tasting curd.
Unless it is properly done, washing may result in some cottage 
cheese defects. Shattering of curd may occur (124, 155, 171). Also,
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body and texture and keeping quality of the cheese may be affected by 
the temperature and quality of wash water (5, 6, 49, 180). The
amount of water added to each wash should approximately be the same 
as the amount of whey drained (95, 174). The mixture of curd and 
water is gently agitated for 15 min and drained. The same washing 
operation is repeated for second and third washes, but at much lower 
temperatures. After the final wash, usually at lower than 4°C, the 
curd is drained completely. A whey curd drainer, which seems to save 
time and labor is now available (15).
Curd cooked to 55°C and above is practically free of spoilage 
organisms (29, 172). Therefore, spoilage of cottage cheese results 
largely from post-cooking contamination. The heaviest and most 
frequent contamination has been reported (70, 136) to come from wash 
water. These authors recommended that water supplies be treated to 
destroy all spoilage bacteria present. The most frequent method of 
treating wash water is by chlorination to 5 to 10 ppm available 
chlorine. The water is usually acidified to pH 4.5 to 6.0 before 
chlorination. This pH not only maximizes the effectiveness of 
chlorine, but also helps in alkaline or hard water situation to 
prevent the defect of a soft, slimy or gelatinous curd, which is 
caused by a high pH in the curd (136) . Seme water supplies may also 
require filtration or treatment with activated charcoal to remove 
organic matter and off-flavors. Another method which has been used 
for destroying spoilage bacteria in water is H.T.S.T. treatment at 
80°C for 20 s (158).
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Curd Network
Physical, microstructure of cottage cheese curd is comprised of 
the casein micelles and particles formed by aggregation and fusion of 
micelles (69). Fluid skim milk contains 2.5% casein which exists as 
colloidal casein. During coagulation, these casein micelles join 
together to form long strains or fibers which interconnect to form a 
network of casein fibers (54). This network gives the curd its 
rigidity, but whey forms about 97% or more of the curd and fills the 
space or interstices of the protein fibers.
Much of the information concerning the micelles in milk and 
dairy products has arisen from scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM) studies on casein in milk, 
milk gels and various cheeses (16, 68, 69, 84, 85, 86, 87, 88).
In a study which involved various stages during cottage cheese 
manufacture, Glaser et al. (69) found that some differences between 
the acid-set and culture-set were evident at the early stage of 
coagulation. The authors were able to remove and fix samples of 
acid-set curd without damaging the structure at an earlier stage than 
culture-set curd. Whereas samples of acid-set curd were able to be 
taken at pH 5.0, the earliest that samples of the culture-set curd 
could be taken was at pH 4.8. Also the acid-set curd showed more 
chains and strands and an earlier stage of clustering than its 
culture-set counterpart. However, at the later stage, after healing 
and during cooking, no differences were observed between the casein 
micelle changes in the structures of both settings.
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The size distributions of casein micelles were reported (69) to 
be considerably smaller in milk than the particles in coagulum and 
curd. This quantitative observation has been supported by values 
resulting from the measurement of micelle or particle diameter at 
different stages during the manufacture of cottage cheese set by 
different methods (16, 69).
In the study of Bishop et al. (16) which examined the difference 
between the curd microstructure of curd set with and without 
microbial rennin, a significant difference was reported between the 
two treatments for casein micelles and their aggregation. The 
differences were observed at "after cutting", "after cooking", and 
"after dressing" stages, with the micelles from the acid-set curd 
being considerably smaller. The smaller nature of the micelles of 
the acid-set curd was said (16) to be more dense and, therefore, led 
to a firmer curd which drained more easily after cooking and cooling.
Reduced Washing of Cottage Cheese Curd
The washing of cottage cheese curd has long received a lot of 
attention as a source of pollution in cheese manufacture (22). Wash 
water has been reported (70, 136) to be the heaviest and most
frequent source of contamination because the organisms are adsorbed 
from the water onto the cheese during the washing exposure. Emmons 
et al. (56) suggested the use of less water and external cooling 
source as a means of reducing the pollution load of washing.
In a study by Carroad and Perry (22) in which properties of 
small curd cottage cheese were compared between washed and unwashed, 
it was reported that washed curd was firmer and contained lower
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percent total solids and more casein than the unwashed curd. They 
observed that washed and unwashed curds showed separate relationships 
between firmness and total solids, but a cannon relationship for 
firmness versus casein content. The authors suggested that finning 
during washing is due, in part, to shrinkage of the curd.
Chua and Dunkley (24) reported that total solids in unwashed 
curd increased linearly with heating time (between 20 and 142 min) 
and temperature (between 42° and 64°C). Heating rate was also 
reported to influence the relation between percent total solids in 
unwashed and washed curds. They further observed that increasing the 
rate of agitation, especially in the early stages of cooking, 
increased the total solids in the curd, breakage of curd particles, 
and amount of sedimentable solids in the whey.
Continuous Cottage Cheese Process
Continuous fermentation method of curd formation was first 
investigated by Connor (30) for the production of quarg. This 
procedure involved the use of two fermenters and a sterile milk 
substrate. The main disadvantages of the procedure for cottage 
cheese were that it required a sterile phage-free medium; a 
dependable acid production at a constant rate, likely frcm 
single-strain lactic cultures; and most importantly, it required 
heat-sterilized milk (58).
A continuous cottage cheesemaking procedure, which utilizes 
direct acidification, has now been developed by the Wisconsin Alumni 
Research Foundation (59). The process is based on the principle that 
milk at refrigeration temperature (4-5°C) can be acidified by direct
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addition of acid to a pH of 4.5 to 4.7 without coagulation (99). As 
long as the milk is maintained at this temperature, there is no 
coagulation; but if the temperature is raised, coagulation occurs as 
it approaches 21°C (100).
According to the procedure (19), the skim milk is pasteurized, 
cooled to 5°C and acidified by pumping the cold milk at a constant 
flow rate, while proportionately metering in food grade hydrochloric 
acid to a pH of 4.60. The acidified milk then flows into a mixing 
chamber of a highly automated machine to assure rapid mixing and 
uniform pH.
The acidified milk is pumped through a curd former, a header 
consisting of small tubes surrounded by circulating warm water. The 
greatly increased area of the tubes slows the velocity of the milk 
sufficiently enough to permit coagulation without breaking the 
coagulum. As the curd is extruded from the tubes of the curd former, 
they are cut off at a desired length by a rotatory wire, forming the 
cubes. The curd particles then go to the cooker, where they are 
cooked continuously, to the washer, where they are washed and 
drained, and then delivered to the creaming operation. The entire 
operation is reported (19) to take just a few minutes to complete the 
cycle.
Dressing
The creamy mixture which is added to dry cottage cheese curd is 
called dressing. Its functions according to Morley (121) are 
five-fold: (1) it is responsible for the majority of the flavor and 
aesthetic quality of creamed cottage cheese; (2) it lubricates the
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curd, making it easier to handle during pumping and packaging; (3) it 
modifies the perceived texture of the cheese and makes it palatable; 
(4) it adds nutritive values to the product; and (5) it is used to 
adjust fat and moisture levels of the cheese.
The proportions of dressing to curd varies form 1:2 to 1:3, and 
the specific amount of dressing used depends on its percentage of 
fat, which is frequently within the range of 11-18% (54, 121, 144), 
and the quantity necessary to standardize the curd and cream mixture 
to the legal minimum (62) of 4% fat.
When the dressing is added to curd, the curd particles 
immediately start to absorb the serum and, provided enough dressing 
is added, this absorption continues for several days (54). Since the 
fat globules of the cream are left on the surface of the curd 
particle, the viscosity of the mixture tends to increase (144). As a 
result, the amount of dressing taken up by the curd particle depends 
on the amount of serum it can absorb and tire viscosity of the portion 
remaining outside of the particle (47). The more viscous the 
dressing, the better it clings to the curd particles (144) . A 
summary of the conditions that influence curd firmness and absorption 
of dressing during cottage cheese manufacture is shown (Table 5).
Salt is usually added to the dressing mixture in the amounts 
that give a range of 0.5 to 1.5% salt in the creamed cottage cheese. 
This range may be lower now because health-conscious consumers are 
now demanding low sodium products since the recent public campaign of 
the American Heart Association concerning the contribution of high 
sodium intake to coronary heart diseases.
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TABLE 5. Factors affecting curd firmness and dressing retention (47)
Factor increased
Dressing retained 
per 100 g of curd Curd firmness
Curd breakage 
0 to 2% salt 
2 to 10% salt 
pH of creamed curd 
Fat in creamed curd, constant fat 
in dressing 
Fat in dressing, constant 
fat in curd 
Homogenization pressures 
Use of stabilizers 
Storage temperature 
Storage time
increase
increase
decrease
increase
increase
increase 
increase 
increase 
Little change 
increase
decrease
decrease
increase
decrease
decrease
increase 
slight decrease 
slight decrease 
decrease 
decrease
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A cream-type stabilizer, such as lecithin, locust bean, guam 
gum, xanthin gum, or carboxymethyl cellulose may be added to the 
dressing to promote uniformity and viscosity (31,54). Viscosity is 
essential to enable the cream to adhere to the curd, reduce drainage 
of cream or serum (reduce free cream or whey), and improve the creamy 
appearance of the cottage cheese (121,138,144,161,166). The amount 
of stabilization treatment given to the dressing varies with the 
ratio of curd to cream desired, thoroughness of cooking and drainage, 
absorption characteristics of the curd, and size of the curd 
particles (144) . The amount of stabilizer used commonly ranges from 
0.1 to 0.4%. Over-stabilization frequently causes excessive 
viscosity which results in a slick sensation with regard to the 
texture and a gluey pasty consistency (47, 54, 144).
The processing procedure (121) for cream dressing includes
pasteurization of the mixture either by the batch method at 73°C for
30 min or by HTST, preferably above 80°C for at least 30s. It is
2
then homogenized at pasteurization temperature at 141 Kg/cm
2
(2,000 p.s.i) first stage, plus 35 Kg/cm' (500 p.s.i.) second stage. 
When stabilizer is used, it is added to the cream before 
pasterization and homogenization. This influences the action of the 
stabilizer in the improvement of smoothness, fat emulsion and 
viscosity (54). The dressing is quickly cooled to 4°C or below after 
homogenization before it is used for creaming the curd.
Creaming mixtures are frequently cultured or made with added 
cultured preparations, primarily for the purpose of standardizing the 
flavor (54, 74, 75, 144). An additional benefit of using such
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preparations is that they tend to inhibit the growth of undesirable 
bacteria at low temperatures and thereby prolong the shelf-life of 
the product (54). Where flavor standardizing is practiced, seme 
manufacturers may elect to use starter distillate to improve the 
flavor. Where special preparations are needed, seme of the
procedures which have been utilized include (a) the Mather and Babel 
method (113) which involves the use of pure L. citrovorus to produce 
flavor in skim milk before being added to the dressing; (b) the
incorporation of a small percentage of dried cottage cheese whey into 
the dressing (54); (c) the Lundstedt and Fogg method (105) in which 
S. lactis spp. diacetilactis is grown in citrated whey before being 
added to the dressing; and (d) the Elliker et al. (42) method in
which S. lactis spp. diacetilactis is cultured and mixed with the
dressing.
The creaming can be accomplished in a number of ways, seme of 
which are by: (a) adding the dressing to the curd in the vat in which 
the curd was made; (b) creaming in special mixers, with an advantage 
of being able to add exact amounts of curd and cream; and (c) 
weighing curd and cream into cans or small portable vats for storage 
in cold rooms before packaging, as commonly used in small operations, 
or where curd is to be shipped to a central packaging plant (54).
Hot Dressing
The use of hot dressing as a means of improving the shelf-life 
of cottage cheese was first reported by Hussong et al.(79). In 
their investigation, cottage cheese curd, made from ultra-high- 
temperature treated skim milk, was cut, cooked to 55-62°C, washed
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with hot pasteurized water, and drained, while maintaining 
temperatures above 55°C. The curd was creamed with dressing at 
temperatures above 60°c and packaged.
The authors reported that the hot packed cottage cheese had 
desirable organoleptic properties. Also, while conventionally made 
product was completely unsalable at the end of two weeks due to 
spoilage by bacteria, the hot packed cheese was still good after 
eight weeks of refrigerated storage.
In another investigation involving the use of hot cream as a 
potential means of eliminating post-cooking contaminations of cottage 
cheese, Overcast and Mackens (135) cooked the cheese to 60°C, 
gradually cooled it to 7°C during washing operations, and drained it. 
A creaming mixture at 88°C was immediately added to the curd and then 
packaged. The authors reported that organoleptic and microbiological 
profiles of samples of cheese from the different treatments showed 
that the hot packed cheese was better than any of the others at the 
end of 21 d of storage.
Packaging
Packaging of cottage cheese is carried out by means of 
mechanized packaging machines. Manual packing formerly used mainly 
by small operations, was not only expensive, but was more subject to 
contamination and uneven fat distribution than the mechanized filling 
(144).
In general, packaging machines are of two types (144) : (a) an
oscillation cylinder which holds specific volumes; and (b) a piston 
in a cylinder which discharges a definite volume. The maintenance of
41
a uniform composition (fat and moisture) in each package is still a 
big challenge (144).
The common retail containers are 227, 341, 454, and 908 g, of 
which the 341 and 454 g are most popular. Customers usually prefer 
reusable containers with good table appearance (144). Larger sizes 
for institutional use are 2.3, 4.6, 13.8 and 18.4 Kg. Retail
containers are usually cylindrical and made mainly of rigid plastic 
or wax-coated paperboard (144). They are made attractive, easy to 
open and close, and impervious to air and light.
Filling the container sufficiently to eliminate or reduce the 
headspace improves the keeping quality of cottage cheese (168). The 
use of nitrogen to eliminate oxygen during the packaging of cottage 
cheese will probably also prolong the shelf-life of the product 
(144).
Yield
The success of any cottage cheese operation is determined by 
yield and quality (143). While quality remains a subjective 
measurement, the impact of yield is easier to measure since pro­
duction cost is directly related to yield (144) . An accurate esti­
mate of the curd obtained from skim milk is essential for evaluating 
the cheese operation and determining the amount of dressing to add 
to the curd (33, 3854, 128, 143, 144, 146, 174). Actual yield may be 
determined by weighing the curd, or estimated yield can be calculated 
from formulas designed for this purpose (143).
Formulas for estimating the yield of curd are based upon the 
recovery of casein or total solids from, skim milk (14, 54, 108, 143,
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145, 156, 171, 182). Bender and Tuckey (14) expressed the estimated
yield as follows:
Yield = 0 . 4 5 + 5 . 7  (% casein by lactic acid precipitation)
Yield =1.68+6.03 (% casein [96, 108])
Yield = -29.7 +4.9 (% total solids in skim milk).
Lundstedt (103) proposed different formulas for estimating the yield
in relation to size of curd particles:
Yield = 5.5 X % casein (small curd)
Yield = 6.0 X % casein (large curd)
As for the actual yield, Kristoffersen et al. (96) proposed the
following formula which is based upon recoverable casein:
„ . , . . , g curd obtained X (100 - % moisture in curd) X 100% actual yield = -=— r-.----■ ■ ■ ----- 5... . -r — -----------------------J g skim milk X (% casein) X 1.2
The short-caning of this formula is that the actual weight of the
curd must be obtained (143). However, Lundstedt (108) developed a
method of calculating the curd weight without weighing the curd,
based on the following information (a) weight, casein and total
solids of the cheese milk; (b) weight, butterfat, and solid-not-fat
of dressing; and (c) butterfat of creamed curd. Yield based upon the
butterfat content of the dressing and the creamed curd is, therefore,
calculated thus:
g cream X % fat x_100 = creamed ^
g cheese X % fat ^
and the yield of curd is obtained by simple difference (143):
Grams of creamed curd - grams of dressing = curd yield.
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The two basic factors that determine yield of cottage cheese are 
casein or protein content of the skim milk and moisture content of 
the curd (54, 143, 144). White (179) listed numerous other factors 
which affect the yield of cottage cheese and tips (180, 182) for 
better quality and efficiency during the manufacture of cottage 
cheese. For a good yield, it is essential that skim milk with high 
level of solids-not-fat is selected (54). Solid content below 8.8% 
is generally regarded as critical for good yield, as well as good 
texture and handling qualities (54, 95, 108, 144) . The amount of 
grit or cheese dust also affects the yield of cottage cheese (93).
Quality Control
High quality cottage cheese has a uniform creamy color, a 
uniform curd particle size with practically no matting or shattering, 
and a desirable clean fresh flavor with a slight acid, mild diacetyl 
and pleasant aftertaste (54). White (182) described sane of the key 
steps necessary to attain these attributes. The ultimate consumer 
expects to receive a product which consistently maintains these 
desirable characteristics for several days in the heme refrigerator.
To fulfill consumer expectations, adequate sanitation is 
essential in all phases along the production line, the warehouse,
distribution and retail outlets (144). With a trend to larger
distribution areas and a longer period between manufacture and 
consumption, the importance of hygiene cannot be over-emphasized.
This can make the difference between a 2 or 3 d shelf-life and 15 to
20 d or longer.
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For consistent assurance of good quality, an expert panel is 
among the first considerations. Samples should be evaluated once a 
week for flavor, body and texture, and appearance. While the control 
of the moisture of dry curd, and fat and moisture of the creamed 
cottage cheese are necessary to meet legal standards (62) and obtain 
a good yield (6, 33, 49, 54, 56, 108, 110,112, 144, 182),
microbiological tests are used to predict the shelf-life of finished 
product (144).
Fat content of cottage cheese may be determined either by 
extraction (119) or by modification of the Babcock test (9) . While 
the total solids of the skim milk may be determined by either the 
Mojonnier method (119) or with the lactometer (118) , that of the 
creamed cottage cheese is usually determined by the moisture oven 
method (8).
The usual microbiological tests performed on cottage cheese are 
for yeasts, molds, psychrotroph's, coliforms, and total bacterial 
estimations (54). All these tests are conducted according to the 
procedure outlined in the Standard Methods (2) and MIF Method of 
Analyses of Milk and its Products (118) . Yeast and mold count is 
frequently done by the Olson and Bonner method (144), which involves 
the addition of aureomycin hydrochloride to potato-dextrose agar in 
order to suppress bacterial growth.
Other compositional tests which could be performed on cottage 
cheese are grit and free cream. Grit test, used for estimating the 
amount of shattering in a package of cottage cheese, is performed 
according to the procedure designed by Kosikowski (93). The free
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cream test (47), on the other hand, easily determines poor dressing 
absorption, excessive dressing, and wheying-off of the creamed 
cottage cheese.
Keeping Quality Tests
As a result of its composition which makes it a good growth 
medium for many spoilage organisms, cottage cheese is a highly 
perishable product. The majority of the keeping quality problems are 
caused by the growth of contaminating microorganisms (54, 144) .
There are many chances of contamination of milk prior to 
pasteurization. It is a conrmon observation that poor-quality raw or 
pasteurized milk will result in poor keeping quality, usually due to 
the continued activity of heat-resistant enzymes produced by sane 
psychrotrophic bacteria (91, 117).
Extra precautions must, therefore, be taken to minimize the 
growth -of bacteria from what seems to be inevitable contaminations. 
In most instances, the growth of spoilage organisms is controlled by 
controlling the temperature to less than 5°C and the pH to less than 
5.0 in the creamed cottage cheese (5, 6, 149, 180, 182). Additional 
aids may include the use of sorbic acid and sorbates which have been 
found to be effective in retarding the growth of yeasts and molds in 
creamed cottage cheese (64) and the exclusion of air from the 
packages which has been reported to be effective at inhibiting 
yeasts, molds and aerobic spoilage bacteria, but not the anaerobic 
bacteria (168, 170, 186) .
Cottage cheese is frequently tested for the presence of 
coliforms because their presence is considered to be an indication of
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possible contamination with disease-producing organisms (2) . The 
cheese maker can also use the coliforms as an index of ineffective 
sanitation program. However, coliform-free cheese can still be badly 
contaminated. For this reason, accelerated keeping quality tests are 
used to predict the specific shelf-life of cottage cheese (5). One 
such test is the modified reduction test reported by Harmon et al. 
(71) to give a good correlation between shelf-life and resazurin 
reduction time. Moseley (122) and Elliker (41) also suggested that 
an increase in counts between the fresh cottage cheese at zero day 
and after 5 d storage is a good indication of poor keeping quality.
Sandine (155) recommended a keeping quality test which involves 
placing cartons of product at 7 to 10°C and checking them for flavor 
from 5 days onward. He stated that a product which maintains a fresh 
flavor for 12 d at this temperature will keep for at least 3 weeks at 
4°C. He also suggested the practice of collecting competitors' 
samples from retail stores and comparing them with yours, using a 
taste panel.
A shelf-life of 15 to 28 d is currently expected during regular 
channels of cottage cheese distribution (144). Attaining a longer 
shelf-life than 21 d is an extremely difficult task because of such 
variables as the starter, equipment, quality of wash water, washing 
procedure, dressing, packages, storage temperature, personnel, etc., 
which influence shelf-life (25, 54) . In an effort to minimize the 
contamination from these various sources, Hussong et al. (79) and 
Overcast and Mackens (135) evaluated the possibility of using 
hot packing at temperatures higher than 60°C. All these authors
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reported results which indicated that hot packing was more successful 
at controlling contamination than the conventional cold packing, 
without sacrificing quality.
Cottage Cheese Defects
Angevine et al. (4) described an ideal cottage cheese as one 
whose flavor is similar to fresh skim milk or cream (if creamed). 
Such flavor should be slightly acid, salty and with the delicate 
overtone of diacetyl. The body should be uniform, smooth and meaty 
(not too firm or too soft and pasty). The curd particle should be 
discrete, uniform in size (regardless of style) and a natural creamy, 
white color.
Most of the time the ideal cottage cheese is unattainable 
because the nature of its manufacture warrants situations where 
numerous defects are frequently generated (124). The American Dairy 
Science Association cottage cheese score card (4) categorizes these 
defects into three major classes: (a) flavor; (b) body and texture;
and (c) appearance and color. These defects can usually be traced to 
inferior raw milk, or cream, or both, or to lack of proper 
pasteurization, inferior starter, faulty or careless manufacturing 
procedures, unsanitary conditions in pipelines, vats, utensils, 
manufacturing roans or storage rocsns, holding at high temperatures, 
or delay in merchandising (174) .
F la v o r  D e f e c t s
M ost o f  th e  s e r io u s  f la v o r  d e f e c t s  found  in  c o t t a g e  c h e e s e  
r e s u l t  from  th e  grow th  o f  c o n ta m in a t in g  b a c t e r i a ,  y e a s t s  o r  m olds
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(127) . Other sources may be the skim milk, old cream, starter 
activity, insufficient washing of the curd, wash water, etc. (144) . 
Sore of the frequent flavor defects are as follows:
Acid
This defect may be caused by inferior milk, excessive acid 
development by starter, retention of too much whey in the curd due to 
insufficient cooking, lack of proper firming, washing or draining 
(174).
Bitter
Bitter flavor is most frequently encountered in cottage cheese 
held at temperatures favorable for the growth of pseudomonas species, 
the chief causative organisms of this defect (91). Bitterness could 
result from the direct activity of these proteolytic psychrotrophs or 
indirectly by their heat-stable enzymes if contaminated skim milk is 
used for cheesemaking(5). The enzymes usually degrade casein to 
produce bitter flavor (91).
Feed
Feed flavors are characteristically aromatic and therefore, are 
easily detectable by the sense of smell (54). These defects are 
usually caused by the odors of feed in the original milk (21). They 
may be particularly objectionable in certain areas or at certain 
seasons of the year. These strong flavors may be in the feed fed in 
the bams or they may be in weeds or other strongly flavored feeds 
picked up by the cows in pasture (19) . The defect can be prevented 
by deaerating affected milk or cream during pasteurization and by 
having adequate ventilation in the milking parlor.
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Fermented/Fruity
These defects are caused by growth of yeasts, bacteria or molds 
in or on the curd (19) . Fruitiness results from the reaction of 
fatty acids with alcohols (both produced by bacteria) resulting in an 
odor that resembles that of ripe bananas, pineapple, mayapple, etc. 
(54). Fermented, on the other hand, may be characterized by a 
vinegar-like taste and odor (54). These defects can be traced to 
inferior milk, cream or starter, and ineffectively sanitized 
manufacturing equipment. The defects can be increased by lack of 
chilling before placing the cheese in the cooler and holding at 
temperatures above 4.4°C (19).
Flat
This defect is a complete lack of characteristic flavor. A 
distinct flat taste is that of a dry, unsalted, washed, rennet curd 
(127). A creamed cottage cheese may yield a flat taste during the 
intermediate stage of oxidized flavor development (144).
Foreign
This defect is a chemical or medicinal off-flavor due to the 
careless use and presence of disinfectants in the cottage cheese 
(127). Some of the chemicals that give this off-flavor are chlorine, 
iodine and phenol. The off-flavor is especially apparent where a 
reaction between chlorine and phenol forms a complex (157).
Lacks Freshness
This is a defect of old age (155) . Sometimes during storage, 
even under storage at 4.4°C or below, cottage cheese progressively 
deteriorates in flavor (144) . Presumably, this is due to the
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occurrence of slow microbiological increase and subtle chemical 
reactions that reduce concentrations of desirable flavorful 
compounds, leading to a build-up of undesirable ones (54). Such 
cottage cheese has no particular indentifiable off-flavor, neither is 
its flavor desirable (127).
O x id iz e d
The description of this defect varies fran burnt, cabbage, oily 
cardboard, tallowy, stale, medicinal to metallic (127). Usually, 
unsaturated fats and phospholipids are involved in the reaction 
(127). Factors which contribute to the development of the defect 
include sunlight, fluorescent light, copper, iron, small amounts of 
ascorbic acid, riboflavin and excessive agitation (50, 155). This 
off-flavor can usually be transferred frcm milk to cottage cheese 
(21).
R ancid
Rancidity is evident by the pungent odor and somewhat bitter and 
soapy flavor (127) . the defect is due to the hydrolytic action of 
lipase on milk fat, during which seme especially odorous short-chain 
fatty acids (butyric, caproic and caprylic) are released (21) . 
Rancid flavor can be prevented by proper pasteurization of the milk 
used in making the cottage cheese, provided the original raw milk was 
free frcm the defect (54). Also, since homogenized milk fat is 
readily attacked by lipase, dressing must be pasteurized before or 
immediately after homogenization (9, 21, 95).
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Unclean
This off-flavor is an unpleasant taste which persists for sane 
time, long after expectorating the sample (127) . The defect is 
caused by the activities of a variety of proteolytic enzymes produced 
by psychrotrophic bacteria (91, 117). Other sources may be inferior 
milk, cream, or starter, unclean utensils, contaminated water supply, 
and unsanitary storage conditions (174).
Body and Texture Defects
The body and texture defects frequently encountered in cottage 
cheese include the following:
Firm or Rubbery
According to Nelson and Trout (127) a cottage cheese curd with 
this defect has a marked resistance to crushing when the washed curd 
is pressed between the thumb and forefingers. Further kneading may 
suggest a high solids or low moisture content. The defect could be 
caused by cutting at too high a pH, cooking too rapidly, too high a 
cooking temperature, or draining too long before washing with cool 
water (155, 174). The defect can be prevented by accurate
measurement of acidity at cutting (54) or the use of curd meter (102) 
or other device (20) to determine the firmness during cooking.
Gelatinous
Cottage cheese with this defect has a sticky, jello-like 
characteristic, which sometime, resembles tapioca (144). The defect, 
frequently caused by a high pH in the curd, is associated with 
spoilage bacterial activity (136). Some of the bacteria which have
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been found to produce the defect include members of the genera 
Alcaligenes, Achrcmobacter, Aerobacter, Proteus and Pseudomonas (36). 
The defect may also result frcm the use of excessively alkaline wash 
water (155).
Mealy or Grainy
A mealy defect gives the feeling which resembles that of com 
meal or sawdust in the mouth (127), while a grainy defect is 
characterized by the presence of small, sandy, gritty, hard particles 
caused by a combination of those factors which hasten removal of 
moisture frcm curd and others which cause breakage of the curd (174). 
Other canmon causes include agglutinating starters, improper cooking 
which may involve agitating too rapidly or increasing cooking 
temperatures too quickly, and over-developing the acid (54, 144).
Weak, Soft or Pasty 
All these are different degrees of the sane defect and are 
usually caused by too much moisture in the curd (174). Excessive 
amounts of moisture can be attributed to the use of too much 
coagulator, too much heat treatment of skim milk, too low a 
proportion of cream added to curd, and excessive use of stabilizer 
(31, 54).
Appearance and Color Defects
The most frequently encountered defects in appearance and color
are:
Free Cream
Cottage cheese with free cream is characterized by soupiness 
(127) . The defect can be caused by either adding too much cream to
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the curd or understabilized dressing (54). It may also result from 
failure to mix the curd and cream mixture sufficiently before 
packaging, the use of manual filling during packaging, and hard, acid 
curd which lacks cream-absorbing capacity (174). Excessive cream in 
a container of cottage cheese can be determined by a procedure 
designed by Emmons and Price (47).
Free Whey
This defect is canmonly associated with the situation in which 
the creamed cottage cheese becomes clotted (54), and the curd tends 
to exude free whey on the sides of the package. Sane of the causes 
of this defect include undercooking, undercreaming, overstabilization 
of dressing, underdraining, and proteolytic action by spoilage 
bacteria (31, 35, 54, 174) .
Matted Curd
This is a condition whereby several curd particles clump 
together to form a single unit or floccule (127). The defect is 
especially cannon with the early stages of cooking when the pH of 
cooking is too low (high acidity), the rate of cooking is too fast, 
the curd cones in contact with hot surface of vat, and when agitation 
is not rapid enough to break up curd lumps or allow whey in between 
curd particles (54). Matted curd may also result frcm situations 
where the curd is left to drain for too long before creaming or where 
lack-of-cream and pastiness are experienced (144).
Shattered Curd
This defect is characterized by lack of uniformity and the 
presence of excessive amounts of fines or grit which detract from
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appearance of the product (124) . The factors which contribute to 
shattering are numerous (50, 54, 140, 155, 171) and include
overpasteurization of skim milk; using agglutinating starters; too 
much use of coagulator; too much acidity at cutting; weak curd at 
cutting, resulting from low acidity or frcm skim milk with low casein 
and total solids content; rough handling during cutting, cooking and 
washing; and breakage during creamy and packaging. Kosikowski (93) 
and Raab et al. (140) have reported procedures for determining grit 
levels during cottage cheese manufacture.
MATERIALS AND METHODS
I. Determination of Optimum Combination of Dressing Temperature and 
Holding Time for Unwashed Curd
C o tta g e  C h eese  M anufacture
Grade A low-heat nonfat dry milk (NFDM) (O-AT-KA Milk Products 
Coop., Inc., Batavia, N. Y. )  was used to prepare rehydrated skim milk 
to 12.00% total solids (29, 120, 142, 167). The milk was pasteurized 
by the holding method at 62.8°C for 30 min and quickly cooled to 2°C. 
A 189-liter portion was pumped into a cheese vat, during which it was 
acidified to about pH 5.1 _ by in-line injection of an approved 
food-grade acidulant (Vitex 750, Diamond Shamrock Corp., St. Louis, 
MO) . The acidified milk was heated to 32.5°C before a mixture of 
glucono-delta-lactone (Vitex 850) dissolved in cold water and cottage 
cheese coagulator (Vitex) was added (14, 175). The milk was allowed 
to set for 1 h before the coagulum was cut with .63 cm wire knives 
and cooked conventionally by heating in the whey to about 55°C (95, 
174) . The curd was then drained until a flow rate of about 300 
ml/min, at which point whey drainage was stopped. Immediately, 
without washing the curd with water, hot cream (12% fat) was added. 
The curd-cream mixture was held for a specified time to allow 
absorption of cream before it was hot packed in 454 g plastic 
containers (Sweetheart Plastic, Inc., Wilmington, MA) and quickly 
placed in a cooler at 2°C for 24 h. Long-term storage was done at
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D r e s s in g
A 40% fat cream was adjusted with water and NFDM to 12.00% fat 
and 20.00% total solids. The cream without stabilizer or starter
distillate was pasteurized at 71°C for 30 min and passed through a
2 2 two-stage hcmogenizer at 141 kg/cm (2,000 p.s.i.) and 35 kg/cm (500
p.s.i.), respectively. The dressing was either used at this
temperature or cooled or heated to the temperature of dressing being
investigated for the particular vat of cottage cheese. Immediately
before the dressing was added to the dry curd, 1.5% w/w NaCl was
added to the dressing.
Hot D r e s s in g  Tem perature
This was the final temperature to which the pasteurized dressing 
was brought before it was added to the dry curd. The three
temperatures investigated were 60°, 71°, and 82°C.
H o ld in g  Time
This was defined as the period of time allowed for the
curd-cream mixture to stand quiescent in order for absorption of 
cream to occur before packing ccanrmenced. The three holding times 
investigated were 0, 30, and 60 min.
R e p l ic a t io n s
Four cheese-making replications were performed for each
combination of dressing temperature and holding tine, resulting in a 
total of 36 vats of creamed unwashed cottage cheese.
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M easurem ents
The parameters measured for each vat of cottage cheese were 
cooling rate, yield, curd-to-cream ratio, free cream, total solids, 
fat, microbiology, organoleptic properties, and shelf-life.
Sampling and Analytical Techniques 
Cooling Rate
The rate of cooling of hot packed cottage cheese was measured in 
a 2°C cold room by a Multipoint Digital Thermometer Model 2176A 
(Omega Engineering, Inc., Stamford, CT) with thermocouple wires 
randomly attached to 10 of the 30 containers in two milk cases which 
were stacked together. Readings were taken at 15 min intervals until 
temperatures dropped to 7°C or lower. Measurements were made on 
three separate vats of cottage cheese.
Y ie ld
Actual yield of cottage cheese was calculated by dividing the 
weight of dry curd obtained by the weight of skim milk used. To 
obtain the weight of dry curd, a weighed amount of dressing was added 
to an unknown amount of dry curd to a point of desirable consistency. 
Then, the total weight of creamed cottage cheese produced was 
obtained by weighing all filled containers and recording their net 
weights. The weight of dry curd was estimated from the difference 
between the total weight of creamed cottage cheese and the weight of 
dressing. The percent yield was calculated from the following 
equation:
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% Yieid = «t, of dry curd x 1Q0%
Wt. of skim milk
Curd-to-Cream Ratio
To determine the curd-to-cream ratio, a weighed amount of 
dressing was added to the dry curd in the vat to a point at which the 
curd-cream mixture was of a desirable consistency. After packaging, 
all containers were weighed in order to obtain the net weight of 
creamed cottage cheese. Then, the weight of dry curd was obtained
from the difference between the net weight of creamed cottage cheese
and the weight of dressing. The curd-to-cream ratio was thus 
calculated from proportions.
Free Cream
The amount of free cream in each batch of creamed cottage cheese 
was measured after the hot packed product had been stored at 2°C in a 
cold roan for 24 h. Two 454 g containers were randomly picked and 
tempered to 7°C, before the measurements were performed according to 
the method of Emmons and Price (47) . The only modifications made 
were the use of larger samples and the substitution of No. 5 sieve
screen for their 8-mesh wire screen.
Total Solids
The total solids content of each vat of cottage cheese was 
determined on two randomly picked 454 g containers by AOAC 
gravimetric method (8). Duplicate samples of 2 g each were obtained 
from each container after it had been thoroughly mixed by blending in
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a Waring Blendor (Waring Inc, New Hartfort, CT). Samples were then 
dried in 100°C oven (Precision Thelco Model 18, Precision Scientific 
Co., Chicago, 111) for 24 h. Precent total solids content was
calculated thus:
% Total Solids = 9  dry wt. of sample x 1Q0S 
g fresh wt. of sample
Fat
Percent fat determination was performed on two randomly picked 
454 g containers of creamed cottage cheese frcm each vat, using a 
modificaiton of original Babcock Test (9) . Sample preparation was 
the same as already stated under total solids. Duplicate analyses 
were done on each container.
Microbiology
Coliforms, standard plate count (SPC) and psychrotrophic
bacteria count (PBC) were made to 0, 7, 14, 21 d and at the end of 
shelf-life according to procedures outlined in Standard Methods for 
the Examination of Dairy Products (2).
O r g a n o le p t ic  P r o p e r t ie s
Each vat of creamed cottage cheese was subjected to organoleptic 
evaluation by at least two trained panelists at 0 d and subsequent 7 
d intervals through shelf-life. Modified ADSA cottage cheese 
score-card (4) was used to score the flavor (1-10 scale) , while
body/texture and appearance/color were both scored with a 1-5 scales. 
A flavor score of less than 5 was regarded as an unmarketable
product, at which point the shelf-life was determined.
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S h e l f - L i f e
Shelf-life was determined by the actual number of days trained 
panelists found cottage cheese stored at 5°C to be organoleptically 
marketable. A flavor score of 5 (1-10 scale) was used as a cut-off 
value for an unacceptable product. To determine the shelf-life, one 
day was subtracted from the last date during storage that the product 
was scored lower than 5 in flavor. Storage was discontinued after a 
product had attained a shelf-life of 50 d.
II. Comparative Studies
Comparative studies were performed in order to verify the
effects of the optimum combination of dressing temperature and
holding time determined in Part I, in conjunction with various
setting methods, washing treatments, and the addition of starter
distillate to dressing on the attributes of creamed cottage cheese.
S e t t i n g  M ethods
Three different methods of curd formation and a control were 
compared:
Setting 1: This involved the direct acidificaton of 12% total solids
(TS) reconstituted nonfat dry milk (NFDM). The resulting coagulum 
was cut and cooked as indicated under cottage cheese manufacture in 
Part I.
Setting 2: The treatment here was similar to that of Setting 1,
except that 10% TS NFDM was used.
Setting 3: This involved a culture setting of 12% TS NFDM. This was
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accomplished by inoculating the milk with 2% bulk starter culture, 
prepared from either of No. 44 or 253 frozen concentrated cultures 
(Chr. Hansen's Laboratory, Inc., Milwaukee, WI) . The treatments 
accorded the coagulum was similar to those of Setting 1.
Setting 4: This was a control. Treatments were similar in every way
to those in Setting 1, except in the washing and creaming departments 
(next sections), where the control was given conventional treatments.
Washing Treatments
The number of washes compared for each vat of cottage cheese in 
each setting was zero, one or two.
Zero-Wash: Whey was drained off the cooked curd to a point where the
curd surface just started to appear. About a 1/3 fraction of the 
curd mass was then transferred into another vat and drained 
completely to a flow rate of about 400 ml/min before hot dressing was 
immediately added.
One-Wash: Wash water (55°C) was added to the 2/3 fraction of curd in
the first vat, washed for 15-20 min and drained again to a point 
where the curd surface just started to appear. One-half of the curd 
was transferred to another vat, where it was drained ccmpletly to 
about 400 ml/min and creamed with hot dressing immediately.
Two-Wash: More wash water (55°C) was added to the final 1/3 fraction
of curd in the first vat, washed for 15-20 min, and was drained and 
creamed as indicated in zero and one washes.
Control: All control cheeses were given two washes as is frequently
done in conventional procedures.
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Wash Water Treatments
For the cottage cheese which was treated with hot dressing, the 
wash water was heated to 55°C, acidified with concentrated phosphoric 
acid to pH 4.8, and chlorinated with sodium hypochlorite to about 7 
ppm (by calculation) available CI2 before use. As for the control 
cheese, which was given conventional washing, the wash water was not 
heated, but was acidified to pH 4.8, chlorinated to 7 ppm available 
Cl^, and chilled before use.
Treatment of Dressing with a Flavor Preparation
Each fraction of a vat of cottage cheese (i.e. zero, one, or two 
washes) was sub-divided into two portions after draining. One 
portion was treated with hot dressing which contained 0.07% (v/v)
added starter distillate (Chr. Hansen’s) before heating, while the 
other protion of cheese was treated with hot dressing that contained 
no starter distilalte. All of the control cheese was treated with 
cold dressing that contained the same level of added starter 
distillate before pasteurization.
Statistical Designs and Analyses
In the first phase of the study, four cheese-making replications 
were performed for each of the nine combinations of dressing 
temperatures and holding times. Each combination was randomly 
assigned in each replication, resulting in a factorial experiment 
with randomized block restrictions. Data were analyzed by the 
General Linear Models (GUI) procedure (SAS Institute, Inc., 1982), 
involving analysis of variance (162) .
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In the second phase, the four setting treatments were randomized 
in each of three replications. Cottage cheese from each setting was 
split into three washes and each wash was split into two flavor 
treatments. This resulted in a split-split plot experiment with 
randomized block restrictions. Data were also analyzed by GUM (SAS 
Institute) to determine the differences in treatments. Whenever 
treatment differences were significant (P < .05), means were compared 
by doing the least significance difference (LSD) paired T tests 
(162).
RESULTS AND DISCUSSIONS
PART I
Optimum canbination of dressing temperature and holding time for 
unwashed curd
Cooling Rate
The cooling rate of unwashed, hot packed, creamed cottage cheese 
was measured in order to determine how quickly the temperature was 
brought down to 4-5°C after packaging. This was deemed essential 
because an extremely slow cooling could create optimum environments 
for any surviving or contaminating microorganisms to proliferate 
during the initial stages of storage. If slow cooling were found to 
constitute a major problem, a corrective measure could then be taken 
to ensure that rapid cooling occurred within a very short period.
To determine the cooling rate, fifteen 454-g containers of hot 
packed cheese were arranged in stacks of three containers in each 
milk case to ensure that each of the five stacks in a case was made 
up of "top", "middle" and "bottcm" containers. Two milk cases were 
then stacked, so that each stack of milk cases was made up of the 
"upper" and "lower" cases. The cottage cheese containers in the 
upper case were labeled "upper top" (UT) , "upper middle" (UM) , and 
"upper bottcm" (UB) , while those in the lower case were the "lower 
top" (LT), "lower middle" (LM), and "lower bottcm" (LB). Except for 
the LT, thermocouple wires were attached to two containers in each of 
these categories and the temperatures were monitored at 15 min
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intervals by a multipoint digital thermometer. LT was randomly 
excluded fran measurements because the multipoint thermometer could 
only monitor ten temperatures at a time. Measurements were made 
three separate times with the plots of the mean temperature (°C) 
against time (min) shown (Figure 1).
The mean temperatures of containers at the end of packaging were 
42-44°C. The milk cases containing cartons of the hot packed cheese 
were placed in a 2°C walk-in cooler. The mean cooling rates for 
cheese in the different locations are shewn in Figure 1. The cooling 
rates of the UB containers were faster than any other category. The 
rate was much faster during the early stages, taking about 1.5 h to 
bring the temperature down to 15°C. Frcm then on, the rates were 
much slower and took a total of 5.5 h to bring the temperature down 
to 5°C. Cooling in the other categories followed the same trend as 
UB, but were slower. The slowest cooling was found with DM, which 
took about 2.7 h to cane down to 15°C and could only be brought down 
to 7°C after a total to 5.5 h.
Several factors appeared to have influenced the variability in 
the cooling rates. The first of these was the location of the 
container in the milk case. Frcm Figure 1, it can be seen that UM 
and IM displayed rates which were not considerably different. This 
means that the design of the milk case allowed the circulating air in 
the cooler to reach sane containers, while blocking out the others. 
Another factor which appeared to be important in the cooling, was the 
stacking of the milk cases. Since the cooler contained ceiling 
mounted fans, the upper milk cases were exposed to direct and better 
air circulation than the lower ones. This is explained better in
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FIGURE 1. Plots of the mean cooling rates of hot packed, creamed 
cottage cheese obtained by treating unwashed curd with 71°C dressing 
for zero holding time and storing at 2°C abcdef
Top container in the upper milk case. 
Middle container in the upper milk case. 
Bottom containers in the upper milk case. 
Middle container in the lower milk case. 
Bottom container in the lower milk case.
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Figure 1, where UB showed a much faster cooling rate than LB, which 
was in a similar position but in a lower case. The same explanation 
is in place for the difference between IM and UM.
This means that rate of cooling will always be dependent upon 
method of stacking unless containers are laid out individually in the 
cooler. Since laying out individually would be impracticable because 
of the large space that would be required, an alternative way to
achieve fast cooling would be to design cases for that purpose. Such
cases would need to have more air spaces to allow better circulation 
to all the containers. Also, more fans should be placed at floor 
level in order to aid better air movement all around the cooler. But 
all this was not necessary since the rate of cooling was not a big 
problem in this study. Less than 1.5 h were required to cool through 
the optimum growth range of most pathogens and less than 3 h to go 
through that of psychrotrophs (Figure 1). Therefore, any measure to 
facilitate quicker cooling would definitely help but would not be 
critical.
N o-w ash in g  T reatm ent
Since all cottage cheese in this phase of the study were 
unwashed, the quality of the product was based on the rating given by 
the trained panelists. Their scoring was based on the modified ADSA 
cottage cheese score card (4) . Also, whenever necessary, attributes 
of the unwashed curd were compared to those reported for ideal 
cottage cheese curd in the literature (3, 5, 25, 35, 41, 49, 54, 64, 
70, 95, 110, 144, 155, 159, 178, 180).
The greatest challenge faced in working with hot, unwashed curd
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was trying to accomplish draining without matting of the curd. In 
addition to helping to reduce the sometimes intense acid whey flavor, 
washing cheese conventionally also serves other purposes which 
include: (1) to gradually cool the curd from cookout of about 55°C 
down to below 5°C; (2) to help rid the curd of fines that often
result frcm shattering or agglutination, which might otherwise have 
contributed to mealy/grainy and texture defects; and (3) the final 
temperature ( 5°C) at vhich the curd is drained completely prevents 
the matting of curd particles during draining. With hot, unwashed 
curd, the situation was quite different.
Draining completely at about 55°C often resulted in matting and 
toughening of the curd particles. Matting was due to the high 
temperature which favored the clinging together of the particles, 
especially as time whey, which had been serving as a barrier between 
them, was removed. On the other hand, toughening was mainly found 
among the curd particles on the surface of the mass and among those 
that had direct contact with the vat. At this point, the temperature 
of water in the jacket of the vat was still over 55°C in an attempt, 
to maintain the temperature of the draining curd before adding 
dressing. This resulted in the toughening of the particles which had 
contacts with the walls of the vat since they were literally still 
cooking. The toughening of the particles on the surface was 
apparently due to dehydration, especially since draining was done at 
about 55°C in an open vat, whereas the surrounding atmosphere in the 
cheese roan was approximately 32°C with a relative humidity of 
approximately 60%.
As a result of the matting, an effort was made during draining
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and creaming in an attempt to break the particles apart. This rough 
handling frequently amounted to a shattering defect in appearance and 
mealy/grainy criticism in body and texture. However, as noted later 
in the study, these defect were minimized by continuous working of 
the curd during draining in order to prevent matting. By terminating 
cooking earlier than usual and by not over-draining, dehydration and 
toughening of the curd particles were prevented.
The no-washing treatment appeared to be favorable to high yields 
(Table 6) . The mean yield of the 36 vats was 15.9%, irrespective of 
the fact that the curds were frequently over-drained in an attempt to 
avoid acid whey flavor. As many researchers have shown (14, 33, 38, 
54, 96, 103, 108, 128, 143, 145, 146, 171, 179,' 180, 182), a number 
of factors influence the yields of cottage cheese. Sane of these 
factors include: casein and total solids contents of skim milk, 
manufacturing practices, firmness of the curd particle, and the 
moisture level of the dry curd.‘ Washing can also influence yield, 
mainly on the negative side. This is because in situations where 
large amounts of fines are present, either due to shattering or 
agglutination, washing removes the fines and, therefore, lowers the 
yield.
In this study, the no-washing treatment apparently contributed 
to the high yield, since most of the fines were retained with the 
curd. The yields reported in Table 6 are reported in groups 
according to how the resulting dry curds were treated with 
combinations of hot dressing temperatures and holding times. The 
variability in the mean yield values could be associated with the 
different draining levels for different vats of cottage cheese. This
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TABLE 6. Effect of no-washing treatment on the meana precent yield*3 
of cottage cheese (s.e. = 1.480)
Q
Group N MEAN
Q.
O
1 4 13.5
2 4 16.9
3 4 15.4
4 4 17.5
5 4 15.0
6 4 16.5
7 4 16.2
8 4 15.9
9 4 15.9
aGrand mean 36 15.9
% Yield = g dry curd/g skim milk X 100%
c
Grouped according to how the resulting dry curd was treated with 
a combination of dressing temperature and holding time.
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claim was supported by the highly significant (P < .01) negative 
correlation coefficient between total solids and yield. This means 
that the higher the moisture content of the dry curd, the greater was 
the yield, and vice versa. For example, the lowest mean yield in 
Table 6 is 13.5%, which was obtained in group 1 when draining was 
stopped at a flow rate of 200 ml/min. However, when the draining was 
stopped at a flow rate of 300 ml/min (groups 2-9), the mean yield 
increased substantially.
Since no control cheese was made, great reliance was placed on 
the judgement of the flavor panel to determine the effect of the 
no-washing treatment on the organoleptic qualities of the creamed, 
unwashed cottage cheese. The panel was made up of highly trained 
individuals, who were quite familiar with the standards of commercial 
creamed, cottage cheese. The cheese samples were rated with the ADSA 
cottage cheese score card (4) , with flavor being scored with a 1-10 
scale, 10 being perfect and less than 5 being unmarketable. 
Body/texture and appearance/color were each scored on 1-5 scales. 
For the body/texture and appearance/color, any score less than three 
was regarded as bad. The scores and criticisms of the creamed 
unwashed cottage cheese were comparable to those found with the 
conventional cottage cheese.
Hot Dressing Temperature and Holding Time
Several hot dressing temperatures and holding times were 
investigated in order to determine which temperature/time relation 
best combined with the no-washing treatment of curd to provide 
creamed unwashed cottage cheese with the most acceptable quality
73
attributes.
The dressing temperatures evaluated were 60°, 71°, and 82°C. 
These temperatures were selected because 55°C had been reported in 
the literature (23, 29) to be a critical temperature above which most 
spoilage microorganisms of cottage cheese are not likely to survive. 
Also, other researchers (79, 135) had reported successfully using 
same of these temperatures to produce good quality cottage cheese.
The holding times evaluated were 0, 30, and 60 min. Holding 
meant that after through agitation the curd-cream mixture was left 
quiescent in the vat for the designated time before packaging 
commenced. Holding was deemed necessary since packing was done at 
higher than usual temperatures. This required that a period of time 
be allowed for the curd to absorb enough dressing in order to prevent 
the cheese from being dry, firm, or pasty after cooling in the 
container.
A summary of the results of the analysis of variance models used 
to determine the effects of the combinations of dressing temperatures 
and holding times on some important quality attributes of creamed 
unwashed cottage cheese is shown (Table 7) . All combinations were 
not significantly (P > .05) different in the parameters measured. 
Correlation analyses were then performed to determine if any 
relationships existed between dressing temperature and holding time, 
but the correlation coefficients were very low and not significant 
(P > .05).
From the results of the nonsignificant (P > .05) differences 
among all combinations of temperatures and holding times, one can 
conclude that under the conditions of this study, any of the
7 4
TABLE 7. Sumnary of the results of analysis of variance models used 
to investigate the effects of treatments (hot dressing temperatures
and holding times) on 
cottage cheese
the quality attributes of creamed unwashed
Dependent
/•>
Variables Source Degree of Freedom F
Curd-to-cream ratio Treatment 8 1.72
Free cream Treatment 8 0.92
Total solids Treatment 8 0.85
Fat Treatment 8 0.67
Shelf-life Treatment 8 1.09
Flavor Treatment 8 1.05
Body and texture Treatment 8 1.29
Appearance and color Treatment 8 1.65
spcf Treatment 8 1.19
pbct Treatment 8 1.30
Standard plate count
- Psychrotrophic bacteria count
Q
- None of the F's was significant (P > .05)
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canbinations could be used and the quality of the resulting creamed, 
unwashed cottage cheese would be similar to commercial cottage 
cheese. In that case, any decision to choose one of the canbinations 
should not be based only on the relationship between the canbinations 
and the attributes of cottage cheese. Instead, such decision should 
be made after all other factors which affect the manufacture of 
cottage cheese had been considered. However, it was necessary to 
take closer looks at each of the attributes and how they were 
affected.
Curd-to-Cream Ratio
The mean percent curd in the curd-to-cream ratios of the creamed 
cottage cheese obtained by treating unwashed curd with different 
canbinations of dressing temperatures and holding times are reported 
in Table 8. In the cottage cheese industry, a manufacturer keeps a 
very watchful eye on the proportion of curd in the curd-to-cream 
ratio since curd is far more expensive than dressing. Therefore, to 
maximize profits, the cheesemaker attempts to get as close to the 
legal minimum amount of curd allowed in the cottage cheese. However, 
the lower the proportion of curd in the mixture, the more difficult 
it becames to control the creamed cottage cheese, frequently because 
of excessive free cream and high fat test.
The proportions of curd reported in Table 8 are very low and 
would be ideal. A word of caution has to be offered on the values. 
Since one objective in the study was to determine whether hot 
dressing increased absorption and retention of dressing, no 
particular creaming formula was used. Instead, a weighed amount of
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TABLE 8. Effect of treating unwashed curd with hot dressing at 
different temperatures and holding times on the mean percent curd in 
the curd-to-cream ratios of creamed cottage cheese (n=4, s.e.=
2.415).
Holding Time Temperature (°C)
60 - 71 82
min ■... % curd
0 49a 52 52
30 51 48 50
60 48 49 50
- All curd-to-cream ratios are not significantly (P > .05) 
different.
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dressing was added to the dry curd until a point was reached at which 
the researcher determined that the consistency of the curd-cream 
mixture was optimum. The amount of dressing used was then recorded. 
The values in Table 8 can only be useful after they have been duly 
compared to the corresponding amounts of free cream in the cottage 
cheese samples.
Though dressing temperatures and holding times were found not to 
be significantly (P > .05) different in the proportion of curd
contained in the curd-to-cream ratio, this does not discount the fact 
that the combinations were effective at improving absorption or 
retention of dressing. A comparison between the percent curd 
reported in Table 8 and the free cream in Table 9 does not indicate a 
clear relationship with absorption and retention vdien hot dressing 
was added. The theory that higher creaming temperatures tend to 
favor better absorption (47, 54, 79, 95, 106, 110, 121, 135, 144, 
161, 174, 182) was only partially supported in this study (60-71°C 
for zero-holding in Table 9) . Curd firmness is another factor 
reported (47, 54) to favor absorption of dressing, though it was not 
measured in this study.
Cream-to-cream ratio was found to be highly significantly 
(P < .01) affected by the amount of moisture in the dry curd. As 
already indicated, yields were somewhat low (Table 6) because of 
over-draining, as a precaution to avoid whey flavor defect. This low 
moisture content of the curd in combination with temperature of 
dressing seemed to have enabled greater .absorption of dressing. 
Hence, one can explain the tremendously low proportions of curd in 
the curd-to-cream ratios.
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Free Cream
The milliliters of free cream contained in samples of creamed 
unwashed cottage cheese obtained by treating unwashed curd with 
different combinations of dressing temperatures and holding times are 
shown in Table 9. The terms free cream and cream retention are used 
interchangeably. The distinction between the two is that while free 
cream was the portion of the dressing not absorbed by the curd, 
retained cream was the absorbed portion. In other words, cream 
retention was determined by the difference between the added dressing 
and the free cream recovered.
Considering the low proportions of curd in the curd-to-cream 
ratios, one would have expected free cream values to be much higher 
than those shown in Table 9. That was not the case here. 
Apparently, because of the high temperatures of creaming and packing, 
much of the excessive cream added to the curd was absorbed within the 
24 h of storage before the cream retention test was performed. This 
means that hot dressing and holding did have tremendous impact on 
absorption and retention of cream. Though no particular trend of 
such retention seemed to be distinctly shown among the dressing 
temperatures, longer holding times appeared to increase retention, 
since the amount of free cream decreased from 0 to 60 min.
When the values of free cream in Table 9 are compared to the 
percent curd values in Table 8, there appears to be inconsistencies, 
especially since the amount of free cream tends to be different for 
the same percent curd. A number of factors could be responsible for 
this. The conditions surrounding the manufacture of cottage cheese 
make it highly improbable to be capable of producing dry curds with
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TABLE 9. Effect of treating unwashed curd with hot dressing at 
different temperatures and holding times on the mean free cream 
content of creamed cottage cheese (n=4, s.e. = 15.8)
Holding Time Temperature (°C)
60 71 82
min
0 30.8a 19.0 21.3
30 9.3 26.8 18.5
60 13.5 15.8 7.5
cl- Amounts of free cream are not significantly (P > .05) different.
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exactly the same characteristics frcm different vats no matter how 
controlled the conditions may be. As already indicated, the firmness 
of card particle greatly affects absorption and retention of 
dressing. Therefore, the inconsistencies displayed in Tables 8 and 9 
could have been as a result of difference in curd characteristics. 
This claim seems to be substantiated by the highly significant 
(P < .01) difference of replications among all the attributes 
measured. Another reason could be that, since creaming was done by 
the batch method and packaging accomplished manually, there was high 
probability of not placing exactly the proportions of curd and cream 
in every container. Of course, each container was randomly selected 
for cream retention test.
Total Solids
The mean percent total solids content of creamed unwashed 
cottage cheese from the various canbinations of dressing temperatures 
and holding times are reported in Table 10. All canbinations were 
high in total solids. The lowest value was 24.1% as compared to the 
legal minimum of 20%. This would be economically unfeasible to make 
cheese with values this high.
Several reasons seemed to be responsible for the high solids 
content. The first reason was the excessive draining of whey which 
lowered the moisture content of the dry curd. This fact is supported 
by the high significance (P < .01) of the negative correlation
coefficients between total solids and yield and also between total 
solids and curd-to-cream ratio. Also important to the high total 
solids was the no-washing treatment which favored the retention of
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TABLE 10. Effect of treating unwashed curd with hot dressing at 
different temperatures and holding times on the mean total solids 
content of creamed cottage cheese (n=4, s.e. = 1.51).
Holding Time Temperature (°C)
60 71 82
min
% TS
0 25.8a 24.6 24.7
30 24.9 26.3 25.0
60 24.5 24.1 24.8
a
- Total solids contents are significantly (P > .05) different.
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fines that would otherwise have been lost to washing. This could be 
why total solids were negatively correlated with body and texture 
scores. This is due to the fact that fines increase total solids 
while at the same tine giving a mealy/grainy defect.
Total solids of creamed unwashed cottage cheese can be 
effectively reduced to within legal minimum. The need for reduction 
appears to be crucial, especially since high total solids had 
significant (P < .01) negative correlations with yield and
body/texture. This means that reducing the total solids level will 
not only maximize profits, but will also improve the quality of the 
creamed cottage cheese. To reduce the solids content, draining has 
to be stopped much sooner than was done in this part of the study. 
Also, the contribution of dressing to the solids of creamed cottage 
cheese can be controlled by reducing the solids test of the dressing 
to a point which is compatible with the draining level.
Fat Content
The mean percent fat content of creamed unwashed cottage cheese 
samples are recorded (Table 11) . All combinations of dressing 
temperatures and holding times were high in fat. Though the fat 
contents were higher than the legal minimum of 4%, they were indeed 
much lower than anticipated, considering the high proportions of 
cream in the curd-to-cream ratios.
To lower the fat levels of creamed cottage cheese in situations 
where high proportions of cream are contained in the curd-to-cream 
ratios, the fat test of the dressing should be lowered from the 12%
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TABLE 11. Effect of treating unwashed curd with hot dressing at 
different temperatures and holding times on the mean fat content of 
creamed cottage cheese (n=4, s.e. = 0.831).
Holding time Temperature (°C)
60 71 82
% fat
min
0 4.69a 4.50 4.35
30 4.75 4.75 4.70
60 4.70 4.71 4.53
a
- Fat contents are not significantly (P > .05) different.
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used in this study. However, there is need for caution, since fat 
makes dressing more viscous and facilitates its adherence to the curd 
particle, hence, better absorption of dressing by the curd particle. 
Therefore, reducing the fat test to too low a level, can considerably 
decrease absorption and provide cottage cheese with excess free 
cream. Scsne researchers (32, 54, 138, 161, 164, 166) have shown that 
the problem of free cream can be avoided by adding stabilizers to 
low-fat cream dressing. This helps to minimize curd-shattering, 
increases the adherence of dressing to particles and improve general 
appearance of the creamed cottage cheese.
Shelf-life
The mean shelf-life values (days) of creamed, unwashed cottage 
cheese from the various combinations of dressing temperatures and 
holding times are shown in Table 12. The shelf-life of each sample 
was obtained by subtracting one day from the last date during storage 
that the product was scored 5 or below (1-10 scale) . A score of 5 
was used as a cut-off value for an unmarketable product.
Although dressing temperatures and holding times were not 
statistically (P > .05) different in the shelf-life of cottage
cheese, the trends (Table 12) seem to indicate that shelf-life 
increased with increasing temperature and a corresponding longer 
holding time. The shortest shelf-life was obtained with a 
combination of 60°C and zero-holding, whereas the longest shelf-life 
was with 82°C and 60-min holding.
From all indications, all combinations of dressing temperatures 
and holding times resulted in cottage cheese with longer shelf-life
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TABLE 12. Effect of treating unwashed curd with hot dressing 
temperatures and holding times on the mean shelf-life (days) of 
creamed cottage cheese (n=4, s.e. = 10.96).
Holding Time Temperature (°C)
60 71 82
min rq......  ■ " '■ U.
0 30.5a 47.3 39.5
30 39.8 36. 3 42.5
60 47.3 43.0 47.5
a- Shelf-life are not significantly (P > .05) different.
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than those reported in the literature for conventional commercial 
cottage cheese (3, 5, 25, 35, 49, 54, 64, 70, 95, 120, 144, 155, 159, 
178, 180). Therefore, this fact vividly answered the main question 
which was posed before the study was undertaken, i.e., to determine 
if no-washing and hot dressing could be used to extend the shelf-life 
of creamed cottage cheese. The shortest shelf-life obtained here was 
31 d which was considerably longer than the 14-18 d frequently 
obtained for conventional cottage cheese. Though a maximum 
shelf-life was set at 49 d many samples attained a shelf-life of 80 d 
or longer.
Flavor
Figures 2, 3, and 4 contain the plots of the mean flavor scores 
(1-10 scale) during the storage of creamed, unwashed cottage cheese. 
Since the effects of the various combinations of dressing 
temperatures and holding times were not significantly (P > .05)
different, and since no significant (P > .05) correlations existed 
between dressing temperature and holding time (Table 13), each figure 
was used to compare the mean flavor scores of the three temperatures 
at each holding time.
The flavor scores at 0 d were very comparable to those normally 
found in conventional cottage cheese, irrespective of the fact that 
the curd was unwashed and the dressing did not contain any added 
flavor preparation. The major flavor criticism was "salty", which 
was actually not a defect but due only to excessive use of salt in 
the dressing. Besides saltiness, the other most frequently noted
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FIGURE 2. Plots of the mean flavor scores (n=4) during storaoe 
(days) of creamed cottage cheese obtained, by treating unwashed 
curd with different hot dressing tanperatures and zero 
holding time.
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FIGURE 3. Plots of the mean flavor scores (n=4) during storage 
(days) of creamed cottage cheese obtained by treating unwashed curd 
with hot dressing at different temperatures and 30 min holding time.
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FIGURE 4. Plots of the mean flavor scores (n=4) during storage 
(days) of creamed cottage cheese obtained by treating unwashed curd 
with hot dressing at different temperatures and 60 min holding time.
90
TABLE 13. Correlation coefficients between sane important quality 
attributes of creamed unwashed cottage cheese.
Correlations N Coefficients
Total solids and curd-to-cream ratio 36
**
-0.51
Total solids and body/texture 36
**
-0.48
Total solids and yield 36
**
-0.81
Total solids and shelf-life 36
**
-0.46
Curd-to-cream ratio and yield 36
**
-0.76
Body/texture and yield 36 0.36*
Body/texture and flavor 225
**
0.20
Body/texture and SPCa 175
**
-0.47
Flavor and PBC^ 175
**
-0.42
SPC and PBC 175
**
0.90
Dressing temperature and holding time 255 -0.01
cL~ Standard plate counts.
k Psychrotrophic bacteria counts.
* P < .05 
**
P < .01
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flavor criticism was "acid". This acid flavor was probably due to 
the no-washing treatment. Since the ideal flavor of cottage cheese 
is acid with a mild diacetyl arcma, the addition of any flavor 
preparation, such as starter distillate, to the dressing of unwashed 
curd will definitely minimize the acid whey flavor and provide it 
with the necessary diacetyl arcma. This will surely improve the 
flavor scores.
Storage was highly significant (P < .01) to flavor, as scores 
frequently dropped continuously all through the shelf-life of 
samples. Several reasons could be accountable for this. One reason 
could be the normal biochemical reductions of volatile flavor 
ccmpounds, which might have been accelerated by the high temperature 
of dressing. Another reason seemed to be microbiological 
activities, since flavor scores were significantly (P < .01)
negatively correlated to each of SPC and PBC (Table 13).
Body/Texture and Appearance/Color
The mean scores of the body/texture and appearance/color of 
creamed cottage cheese, obtained by treating unwashed curd with 
different combinations of dressing temperatures and holding times are 
reported in Tables 14 and 15, respectively. The various combinations 
of temperatures and times apparently did not significantly (P > .05) 
affect body/texture or appearance/color scores. However, storage 
significantly (P <.01) affected the scores, eventhough the trends in 
the tables do not seem to indicate this. The body/texture and 
appearance/color qualities of the cheese frequently improved with 
time. This was probably due to the continued absorption of cream by
TABLE 14. Effect of different hot dressing temperatures and holding times on the mean body and texture
scores during storage of creamed unwashed cottage cheese (n=4, s.e. = 0.579)
Temperature(°C)
Holding 
time (min)
Storage Time (d)
0 7 14 21 28 35 42 50
0 3.0a 3.5 3.5 3.3 3.7 3.7 3.7 4.0
60 30 3.5 3.5 3.3 3.5 3.5 3.7 3.0 3.0
60 3.8 3.5 3.5 3.5 3.3 3.0 3.0 3.5
0 3.0 3.3 3.5 3.5 3.3 3.5 3.0 3.7
71 30 3.3 3.5 3.0 2.8 3.3 3.0 3.5 4.0
60 3.5 3.5 2.8 3.0 3.0 3.0 3.0 2.7
0 3.0 2.8 3.0 3.3 3.0 3.0 3.7 3.5
82 30 3.5 3.3 3.0 2.8 3.0 3.7 3.0 3.0
60 3.8 4.0 3.3 3.0 3.3 3.0 3.0 3.0
a- Body and texture scores are not significantly (P > .05) different
TABLE 15. Effect of different hot dressing temperatures and holding times on the mean appearance and
color scores during storage of creamed unwashed cottage cheese (n=4, s.e. = 0.671)
Temperature(°C)
Holding 
time (min)
DAYS
0 7 14 21 28 35 42 50
0 3.3a 3.3 3.0 3.3 3.3 3.3 3.0 2.0
60 30 3.8 3.3 3.0 3.8 3.5 3.7 3.5 3.5
60 4.0 3.8 3.5 3.3 3.3 3.5 3.3 2.7
0 3.0 3.8 3.3 3.5 3.3 3.8 3.5 3.0
71 30 3.3 4.0 3.0 3.0 3.3 3.7 2.5 3.0
60 3.3 4.0 3.5 3.5 3.3 3.7 4.3 4.0
0 3.3 3.0 3.3 2.3 3.7 3.3 3.7 3.5
82 30 3.3 4.0 3.0 3.0 3.3 3.7 2.5 3.0
60 4.0 3.3 3.8 3.5 3.8 3.0 3.0 3.0
a- Appearance and color scores are not significantly (P > .05) different
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the curd particles during storage.
The most frequently noted body and texture defect (Table 16) of 
the unwashed curd was mealy/grainy. Several reasons could be 
responsible for the defect. One such reason was the no-washing 
treatment which allowed the retention of most of the fines. The 
retention of fines contributed to high total solids and yields. As 
the amount of fines in the total solids increased it adversely 
affected the body and texture of the cheese. This was why total 
solids content was negatively correlated (P < .01) to body and
texture (Table 13) . Therefore, any step taken to lower the total 
solids content would be expected to improve the body and texture of 
the cheese.
The defect frequently found with the appearance and color of the 
cheese was "shattered" (Table 16). Though the shattering of curd can 
occur at any point from the time of cutting all the way to packaging, 
most of the shattering in this study appeared to occur during 
creaming. As a result of draining at very high temperature, the curd 
frequently matted. Therefore, excess force was exerted on the curd 
in attempts to break the mat after dressing had been added. Another 
defect which was often seen in the appearance and color was an 
uncharacteristic off-white color. This appeared to be more 
associated with the sole use of reconstituted NFDM than with the 
no-washing treatment of the curd.
Microbiology
Coliform counts were consistently lower than 1/g at 0 d and all 
through storage of the creamed, washed cottage cheese. The plots of
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TABLE 16. The most frequently noted defects of unwashed curd treated 
with different hot dressing temperatures and holding times
Character Defect
Flavor High salt (acid)
Body/texture Mealy grainy
appearance/color Shattered
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SPC and PBC are shown in Figures 5 and 6, respectively. Since all 
the combinations of dressing temperatures and holding times were not 
significantly (P > .05) different, the mean counts at each
temperature over the three holding times were plotted.
SPC and PBC were low at 0 d but during storage they increased
significantly (P < .01). For this reason, one definitely has to take 
a second look at the rate of cooling. As indicated earlier, the
shortest time required to cool hot packed cottage cheese to 5°C was 
5.5 h. That means surviving or contaminating microorganisms had 
optimum conditions to proliferate during slow cooling. Therefore, 
alternative quicker method of cooling could be used to prevent this 
problem. The lack of significant (P > .05) differences among the 
dressing temperatures and the highly significant (P < .01)
correlation between SPC and PBC at 0 d and all through storage seem 
to suggest that the sources of contaminations were common to all the 
treatments. These sources were probably post-creaming 
contaminations since the curds were unwashed and creaming 
temperatures were at least 60°C.
The creaming treatment was carried out in open vats in a pilot 
plant. Aside frcm sanitizing the equipment with water that had been 
chlorinated to about 200 ppm available chlorine, no special 
precautions were taken to prevent environmental contamination. On 
seme occasions, because of the lack of air conditioner in the pilot 
plant, windows were often opened to allow for fresh air. Also, 
because of the limited facilities in the pilot plant, the dressing 
temperature was not effectively maintained for the curd-cream mixture 
due to holding and manual packaging. Thus, by the time of packaging,
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FIGURE 5. Plots of the mean standard plate counts (SPC) during 
storage (days) of creamed cottage cheese obtained by treating 
unwashed curd with each hot dressing temperature and the three 
holding times (n=9).
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FIGURE 6. Plots of the mean psychrotrophic bacteria counts (PBC) 
during storage (days) of creamed cottage cheese obtained by treating 
unwashed curd with each hot dressing temperature and the three holding 
times (n=9)•
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especially with large volume of cheese, the temperature often dropped 
down to as low as 40°C, depending on the dressing temperatures used. 
All these factors possibly created optimum environments for 
post-creaming contaminations.
It is the feeling of the researcher that a much better control 
of these situations, especially the maintenance of the curd-cream 
mixture temperature, can be more effectively achieved in commercial 
installations, since mechanical (automated) packaging machines are 
used.
Optimum combination of dressing temperature and holding time
Since statistical analyses indicated that all combinations of 
dressing temperatures and holding times were not significantly 
(P > .05) different in the parameters measured, other factors which 
affected the use of each combination during the manufacture of 
cottage cheese were also considered in selecting the optimum 
combination.
In terms of economics, since the pasteurization of cottage
cheese dressing was done at 71°C, more expenses were incurred in
o . ceither cooling the dressing down to 60 C or heating it up to 82 C
before use. Also, more time was wasted in holding the curd-cream
mixture for 30 or 60 min when the quality of the cottage cheese
obtained with them was not significantly (P > .05) different from
that of the zero-holding. Therefore, the use of the combination of
71°C dressing and zero-holding considerably reduced costs.
In terms of the likelihoods of introduction and survival of 
contaminants, the 60°C dressing frequently dropped far below the
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critical temperature of 55°C and, therefore, was more likely to
enhance survival of contaminants. Since 71°C was not significantly 
(P > .05) different fran 82°C in most of the attributes measured, and 
since more expense was incurred in heating the dressing from
pasteurization at 71°C to 82°C, 71°C dressing was chosen. As for the
holding time, under the conditions of this study, the longer the
curd-cream mixture was held before packaging, the more likely it was 
to be contaminated. Therefore, the zero holding time was preferred.
For the aforementioned reasons, the combination of dressing 
temperature and holding time selected for unwashed curd was 71°C and 
zero-holding. The attributes of the creamed unwashed cottage cheese
obtained with this combination are reported in Table 17 and in
Figure 7. As indicated earlier, storage was significantly (P <.01) 
important to body and texture scores. Body and texture scores
increased with storage (Table 17) . This was said to be due to
continued absorption of cream by the curd particles. Therefore, this 
seems to suggest the necessity of allowing seme free cream if the 
cheese is going to be stored for a long time as is often the case for 
manufacturers with large distribution area. Such free cream will 
help to prevent pastiness in appearance.
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TABLE 17. Mean values of the attributes of creamed cottage cheese 
obtained by treating unwashed curd with 71°C zero holding time (n=4).
Attribute Mean
Cooling rate 5.5h
curd/cream ratio 52.48
Free cream 19 ml
Fat 4.5%
Total Solids 24.6%
Shelf-life 47.3d
Days Flavor Body/Texture 
(1-10) (1-5)
Appearance/Color 
(1-5)
0 7.0 3.0 3.0
7 7.0 3.3 3.8
14 6.8 3.5 3.3
21 6.3 3.5 3.5
48 5.3 3.7 3.0
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FIGURE 7. A plot of the mean flavor scores (n=4) during storage 
(days) of creamed cottage cheese obtained by treating unwashed curd 
with 71°C dressing and zero holding time.
RESULTS AND DISCUSSIONS
PART II
Comparative Studies Involving the Use of 71°C Dressing Temperature 
and Zero Holding Time
Setting Methods
The effect of different methods of curd formation and 
hot-dressing at 71°C on the various desirable attributes of cottage 
cheese is reported in Table 18.
The percent curd in the curd-to-cream ratio ranged from 56% in 
the sample obtained by the culture setting of 12% reconstituted NFDM 
to 58% in the sample from the direct acidification of the same type 
of milk (Table 18) . Comparisons of the effect of the different 
setting methods on the curd to cream ratio of cottage cheese 
(Table 19) indicate that direct acidification of 12% milk gave a 
significantly (P <.05) higher proportion of curd in the curd-cream 
mixture than either the direct acidification of 10% milk or the 
culture setting of 12% milk. Also, the direct acidification of 10% 
milk provided a sample which contained a significantly (P < .05) 
higher percent curd in the curd-cream mixture than the sample from 
culture setting of 12% milk. This seems to indicate that culture 
setting of milk is considerably better at allowing the manufacturer 
to effectively control the amount of dry curd in the creamed cottage 
cheese than the direct acidification of a similar type of milk. 
Though the reason for this is not completely understood, Bishop et 
al. (16) did report in a study that the small nature of the casein
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TABLE 18. Effect of different setting methods and 71°C dressing on the mean curd-to-cream
ratio, free cream, yield, total solids, fat, and shelf-life of creamed cottage cheese (n=3)
Setting Curd (%)
Free cream 
(ml) Yield (%)*
Total 
Solids (%) Fat (%)
Shelf-life
(d)
1 58a 34.7a 19.6a 21.6a 4.13a 50a
2 57b 24. la 17.2b 20.5b 4.06a 50a
3 56C 20.4a 20.6C 21.2a 4.11a 50a
4 57ab 92.0b 21.5d 19.5b 4.00a 35b
-  % Y ie ld  = g  d ry  c u r d /g  m ilk  X 100%
■'"Direct acidification of 12% reconstituted NFDM and hot dressing.
2
D ir e c t  a c i d i f i c a t i o n  o f  10% r e c o n s t i t u t e d  NFDM and h o t  d r e s s in g .
3
Culture of 12% reconstituted NFDM and hot dressing.
^Control - direct acidification of 12% reconstituted NFDM and cold dressing.
a,b,c,d - Means with different superscripts are significantly (P < .05) different by the LSD test.
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TABLE 19. Comparisons (t-tests) of the proportions of curd in the 
curd-to-cream ratios of creamed cottage cheese made by different 
setting methods and 71 C dressing
SETTING
COMPARISON
LOWER
CONFIDENCE
LIMIT
DIFFERENCE
BETWEEN
MEANS
UPPER
CONFIDENCE
LIMIT
1 4 -0.299 0.667 1.632
1 2 0.484 1.000 1.516 ***
1 3 1.484 2.000 2.516 ***
4 1 -1.632' -0.667 0.299
4 2 -0.632 0.333 1.299
4 3 0.368 1.333 2.299 ***
2 1 -1.516 -1.000 -0.484 ***
2 4 -1.299 -0.333 0.632
2 3 0.484 1.000 1.516 ***
3 1 -2.516 -2.000 -1.484 ***
3 4 -2.299 -1.333 -0.368 'k'k'k
3 2 -1.516 -1.000 -0.484 ***
"''Direct acidification of 12% reconstituted NFDM and hot dressing.
2
Direct acidification of 10% reconstituted NFDM and hot dressing.
3
Culture of 12% reconstituted NFDM and hot dressing.
4Control - direct acidification of 12% reconstituted NFDM and
cold dressing.
P < .05
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micelles of the acid curd makes it more dense which leads to a firmer 
curd which drains more easily after cooking. Also, this reported 
nature of the acid-set curd probably had a significant bearing in the 
inability of the samples from direct acidification in this study to 
absorb or retain enough cream, hence the higher proportion of curd in 
the curd-cream mixture. The difference between the use of hot or 
cold dressing on curd-to-cream ratio is demonstrated by the 
comparison between settings 1 and 4 in Table 19. Setting 1 was 
obtained by treating direct set curd with hot dressing, while setting 
4 was by treating the same type of curd with cold dressing. The 
comparison shows that there was no significant (P > .05) difference 
between the two treatments. However, cold dressing was a little 
lower in the proportion of curd in the curd-cream mixture than its 
hot dressing counterpart. Any differences in the curd-to-cream 
ratios will not mean anything to the cheese maker until these have 
been compared to the corresponding free cream values.
The amounts of free cream released by cottage cheese made by the 
different setting methods varied frcm 20.4 ml in the sample frcm the 
culture setting of 12% milk to 92 ml frcm the control (Table 18). On 
comparing the setting methods in relation to cream retention (Table 
20), it was found that there were no significant (P > .05)
differences among the various methods of curd formation. However, 
the cottage cheese from the direct acidification of 12% milk retained 
less cream than the samples frcm either the direct acidification of 
10% milk or the culture setting of 12% milk, while the samples frcm 
the direct acidification of 10% milk retained less cream than those
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TABLE 20. Comparisons (t-tests) of the of free cream released by 
creamed cottage cheese made by different setting methods and 71°C 
dressing.
SETTING
COMPARISON
LOWER
CONFIDENCE
LIMIT
DIFFERENCE
BETWEEN
MEANS
UPPER
CONFIDENCE
LIMIT
4 1 28.204 57.333 86.463
4 - 2 38.759 67.889 97.018 ***
4 3 42.482 71.611 100.741 ***
1 - 4 -86.463 -57.333 -28.204 ***
1 2 -5.015 10.556 26.126
1 3 -1.293 14.278 29.848
2 4 -97.018 *— 67.889 -38.759
2 1 -26.126 -10.556 5.015
2 3 -11.848 3.722 19.293
3 - 4 -100.741 -71.611 -42.482
3 1 -29.848 -14.278 1.293
3 - 2 -19.293 -3.722 11.848
■'"Direct acidification of 12% reconstituted NFDM and hot dressing.
2
Direct acidification of 10% reconstituted NFDM and hot dressing.
3
Culture of 12% reconstituted NFDM and hot dressing.
4
Control - direct acidification of 12% reconstituted NFDM and
cold dressing.
***
P < .05
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from the culture setting of 12% milk. The major difference noted in 
the cream retention was the difference between the use of hot or cold 
dressing (Table 18) . This could be seen in the differences between 
the control (cold dressing) and each of the other setting treatments. 
Cold dressing was definitely less effective than hot dressing at 
aiding absorption and retention of cream. This ability of hot 
dressing to facilitate better retention is very important since it is 
less expensive for the cheese manufacturer to use more cream than dry 
curd. For the manufacturer that produces larger volumes of creamed 
cottage cheese, the profits from this practice could be sizable.
The yields of cottage cheese obtained from the various setting 
methods are shown in Table 18. All the yields were generally high 
and they ranged from 17.2% with the direct acidification of 10% milk 
to 21.5% with the control. The comparisons of the effects of the 
different setting methods on yield are shown in Table 21 and indicate 
that each method gave a yield which was significantly (P < .05)
different from that of any other method. The outcome of the 
comparison seems to indicate that no matter what method of setting is 
used, whether direct acidification or culture, a high yield can be 
obtained if the conditions that favor it are effectively maintained. 
Often listed among the important factors that directly influence the 
yield of cottage cheese is the total solids content of the skim milk 
(54, 95, 108, 144, 179, 180). According to Emmons and Tuckey (54), 
higher solids contents result in higher yields. This theory appears 
to be supported in this study, especially since the setting method 
which involved the use of milk with 10% total solids resulted
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TABLE 21. Comparisons (t-tests) of the mean yields of cottage cheese 
made by different setting methods and 71°C dressing.
SETTING
COMPARISON
LOWER
CONFIDENCE
LIMIT
DIFFERENCE
BETWEEN
MEANS
UPPER
CONFIDENCE
LIMIT
4 - 3 0.180 0.843 1.506 ***
4 1 1.227 1.890 2.553 ***
4 2 3.607 4.270 4.933 ***
3 4 -1.506 -0.843 -0.180 ***
3 - 1 0.692 1.047 1.401 ***
3 - 2 3.072 3.427 3.781 ***
1 4 -2.553 -1.890 -1.227 ***
1 3 -1.401 -1.047 -0.692 ***
1 2 2.026 2.380 2.734 •k’kic
2 4 -4.933 -4.270 -3.607 rkicie
2 - 3 -3.781 -3.427 -3.072 •kick
2 - 1 -2.734 -2.380 -2.026 ***
■''Direct acidification of 12% reconstituted NFDM and hot dressing. 
2
Direct acidification of 10% reconstituted NFDM and hot dressing.
3
Culture of 12% reconstituted NFDM and hot dressing.
4
Control - direct acidification of 12% reconstituted NFDM and 
cold dressing.
* * *
P < .05
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in a yield which was lower than any of the other yields obtained with 
12% milk. Another important factor which has been reported to have 
tremendous influence on the yield of cottage cheese is the amount of 
moisture in the dry curd (54, 143, 144). The higher the moisture 
content of the dry curd, the higher the yield. This fact was also 
supported in this study, since the data in Table 18 indicate that 
among the cottage cheese produced by direct acidification, the sample 
with the highest yield contained the least amount of total solids (or 
greatest amount of moisture) while the sample with the lowest yield 
contained the greatest total solids content (or the least amount of 
moisture).
The percent total solids content of cottage cheese, as 
influenced by the different methods of curd formation, is likewise 
reported in Table 18. The values ranged from 19.5% with the control 
to 21.6% given by the direct acidification of 12% milk. The 
comparisons among the various setting methods (Table 22) show that 
the direct acidification of 12% milk produced samples with 
significantly (P < .05) higher total solids than those of either the 
direct acidification of 10% milk or the control, but were not 
significantly (P > .05) different from those of the samples from the 
culture setting of 12% milk. Therefore, these data (Tables 18 and 
22) indicate that the total solids content of cottage cheese is not 
necessarily influenced by the method of curd formation. Instead, 
total solids appear to be a factor of drain level or the amount of 
moisture left in the curd. This fact is illustrated (Table 18) in 
that among all the setting treatments that involved the use of 12% 
milk, the sample with the lowest total solids content released the
Ill
TABLE 22. Comparisons (t-tests) of the mean total solids contents of 
creamed cottage cheese made by different setting methods and 71°C 
dressing.
SETTING
COMPARISON
LOWER
CONFIDENCE
LIMIT
DIFFERENCE
BETWEEN
MEANS
UPPER
CONFIDENCE
LIMIT
1 3 -0.558 0.400 1.358
1 2 0.143 1.101 2.059 ***
1 4 0.378 2.171 3.964 ***
3 - 1 -1.358 -0.400 0.558
3 2 -0.257 1.701 1.659
3 - 4 -0.022 1.771 3.564
2 1 -2.059 -1.101 -0.143 ***
2 - 3 -1.659 -0.701 0.257
2 4 -0.723 1.070 2.863
4 1 -3.964 -2.171 -0.378 ***
4 3 -3.564 -1.771 0.022
4 - 2 -2.863 -1.070 0.723
^Direct acidification of 12% reconstituted NFDM and hot dressing. 
^Direct acidification of 10% reconstituted NFDM and hot dressing.
3
Culture of 12% reconstituted NFDM and hot dressing.
4
Control - direct acidification of 12% reconstituted NFDM and
cold dressing.
* * *
P < .05
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greatest amount of free cream, while the one with the highest total 
solids released the least free cream. Further data (Tables 18 and 
22) also indicate that hot dressing resulted in samples whose total 
solids were higher than those obtained from cold dressing treatment. 
This difference between the two dressing treatments is demonstrated 
by the fact that the control samples gave a significantly (P < .05) 
lower total solids content than those from the direct acidification 
of 12% milk accompanied by hot dressing. Also, the control sample 
had lower total solids than the samples from the culture setting of 
12% milk accompanied by hot dressing, even though the difference was 
not significant (P > .05).
The percent fat contents of cottage cheese made by the various 
setting methods are shown in Table 18. The values were not 
significantly (P > .05) different among all the setting methods and 
ranged from 4.00 to 4.13%. What this seems to indicate was that 
regardless of which setting method or dressing treatment used, the 
amount of fat in cottage cheese can be effectively controlled to a 
desirable level. In the first part of this study when the optimum 
combination of dressing temperature and holding time was determined, 
the fat contents were reported to be generally high and 
recommendations were made on how they could be controlled. Those 
recctrmendations were utilized in this part to effectively control the 
level of fat.
The effect of the different methods of curd formation on the
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shelf-life of the cottage cheese is reported in Table 18. The method 
of curd formation did not seem to have any influence on shelf-life. 
Instead, the only difference appeared to be between the hot and cold 
dressing treatments. All samples treated with hot dressing attained 
a minimum shelf-life of 50 d, while those given the cold dressing 
treatment had a maximum mean shelf-life of 35 d. The setting 
treatments were actually not expected to affect the shelf-life of 
cottage cheese, especially since cookout temperatures were mostly 
55°C or above.
A plot of the flavor profiles during storage of cottage cheese 
made by the difference setting treatments is shewn in Figure 8. At 
zero day, samples from the direct acidification of 12% milk 
accompanied by hot dressing gave the best mean flavor score of 7.8 
(1-10 scale) . The lowest mean score of about 7.0 was obtained from 
the samples made by the culture setting of 12% milk accompanied by 
hot dressing. With the exception of the control which dropped 
significantly (P < .05) after 28 d, all scores did not change
significantly (P > .05) through the end of the storage period.
Comparisons of the effects of the different setting methods on flavor 
indicated that under the conditions of this study, direct 
acidification generally provided cottage cheese with a better flavor 
than did the culture (Table 23) . Also, hot dressing provided 
significantly (P < .05) better flavor scores than its cold dressing 
counterpart (Figure 8 and Table 23). The flavor defects most 
frequently encountered among the samples from the various setting 
treatments are reported, in Table 24.
U. J
O
O
K
114
8. OH
7.5-:
7.0
6.5
5.5-:
DIRECT ACID 12% 
DIRECT ACID 10% 
CULTURE OF 12% 
CONTROL
4. 5^
3.5-
0 7 14 21 28 35 42 49
DAYS
FIGURE 8. Plots of the mean flavor scores (n=3) during storage of 
creamed cottage cheese obtained by different setting methods and 71°C 
dressing.
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TABLE 23. Comparisons (t-tests) of the mean flavor scores of creamed 
cottage cheese made by different setting methods and 71°C dressing.
SETTING
COMPARISON
LOWER
CONFIDENCE
LIMIT
DIFFERENCE
BETWEEN
MEANS
UPPER
CONFIDENCE
LIMIT
1 - 2 -0.2060 0.0486 0.3032
1 4 0.0294 0.5694 1.1095 ***
1 3 0.6135 0.8681 1.1226 ***
2 - 1 -0.3032 -0.0486 0.2060
2 - 4 -0.0192 0.5208 1.0609
2 - 3 0.5649 0.8194 1.0740 ick'k
4 - 1 -1.1095 -0.5694 -0.0294
4 - 2 -1.0609 -0.5208 0.0192
4 - 3 -0.2414 0.2986 0.8387
3 1 -1.1226 -0.8681 -0.6135 ***
3 - 2 -1.0740 -0.8194 -0.5649 ***
3 - 4 -0.8387 -0.2986 0.2414
"^Direct acidification of 12% reconstituted NFDM and hot dressing. 
2
Direct acidification of 10% reconstituted NFDM and hot dressing.
3
Culture of 12% reconstituted NFDM and hot dressing.
4
Control - direct acidification of 12% reconstituted NFDM and 
cold dressing.
***
P < .05
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TABLE 24. The most frequently noted flavor defects during storage of 
creamed cottage cheese made by different setting treatments and 71 C 
dressing.
Setting
** « Storage Time (d)
Treating
0 7 14 21 28 35 42 50
1 Acid LFFa LF*3 LF Whey LF Acid LF
Acid Coarse LF Acid Acid LF Acid Acid
3 Whey Acid LF LF Acid Acid LF LF
4 Acid LFF LF LF Bitter Unclean c
—
i
Direct acidification of 12% reconstituted NFDM and hot dressing. 
^Direct acidification of 10% reconstituted NFDM and hot dressing.
3
Culture of 12% reconstituted NFDM and hot dressing.
^Control - direct acidification of 12% reconstituted NFDM and cold 
dressing.
aLacks Fine Flavor.
Lacks Freshness.
CIndicates samples had already gone too bad to be tasted.
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The body/texture and appearance/color of cottage cheese do not 
seem to be affected by the method of curd formation, especially if 
the resulting coagulum is handled properly. According to the values 
shown in Table 25, the body/texture and appearance/color were not 
significantly (P > .05) different among the treatments. Moreover, 
the values did not change considerably through the shelf-life of the 
samples.
In relation to the microbiological quality of the cottage cheese 
made by different setting treatments, coliform counts were generally 
low (less than one coliform per gram of curd) at 0 d and throughout 
the shelf-life of the samples. As for the total bacteria counts 
(SPC) , the values were also low at 0 d and not significantly (P > 
.05) different amount the treatments (Figure 9) . The SPC did not 
change much during storage of the samples obtained by the direct 
acidification of 12% milk accompanied by hot dressing, direct 
acidification of 10% milk accompanied by hot dressing, and the 
culture setting of 12% milk accompanied by hot dressing. As for the 
control, which was obtained by the direct acidification of 12% milk 
accompanied by cold dressing, the SPC values were a little higher at 
0 d than those of the other samples and the values increased rapidly 
frcm 14 d through the end of shelf-life at 35 d. The levels of 
psychrotrophic microorganisms were much lower than the SPC in the 
cottage cheese samples (Figure 10) . However, the profiles of the 
psychrotrophs were similar to those reported for the total bacteria 
count.
TABLE 25. Effect of setting methods and 71°C dressing on the mean body/texture and 
appearance/color scores during storage of creamed cottage cheese (n = 3).
Setting Character
Storage Time (d)
0 7 14 21 35 50
1 Body/texture 3.8a 4.1 4.3 4.2 4.2 4.1
Appearance/color 3.4b 3.3 3.6 3.8 3.8 3.8
2 Body/texture 3.9 3.8 4.1 3.8 3.9 3.8
Appearance/color 3.9 3.8 4.3 3.8 3.8 3.7
3 Body/texture 3.5 3.4 3.9 4.0 3.9 4.0
Appearance/color 3.6 3.5 3.8 3.8 3.4 3.7
4 Body/texture . 3.7 4.0 4.0 4.0 4.0 NCNEC
Appearance/color 3.7 4.3 4.3 4.0 3.7 NONE
D^irect acidification of 12% reconstituted NFDM and hot dressing.
^Direct acidification of 10% reconstituted NFDM and hot dressing.
^Culture of 12% reconstituted NFDM and hot dressing.
4
Control - direct acidification of 12% reconstituted NFDM and cold dressing. 
aBody/texture scores were not significantly (P > .05) different (s.e. = 0.470). 
^Appearance/color scores were not significantly (P > .05) different (s.e. = 0.551). 
clndicates sanples that have already gone bad.
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FIGURE 9. Effect of different setting methods and 71°C dressing 
on standard plate count (SPC) during storage of creamed cottage 
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FIGURE 10. Effect of different setting methods and 71°C dressing 
on psychrotrophic bacteria counts (PBC) during storage of creamed 
cottage cheese.
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Washing Treatments
The effect of the different washing treatments on the curd-to- 
cream ratio, free cream, yield, total solids, fat, and shelf-life of 
creamed cottage cheese is reported in Table 26.
The number of washes was certainly not a factor on either the 
curd-to-cream ratio or the shelf-life of cottage cheese, since each 
treatment resulted in a sample with 57% curd in the curd-to-cream 
mixture and a shelf-life of 50 d. Although the washing treatments 
did not have a significant (P > .05) effect on the free cream, it is 
evident (Table 26) that the amount of free cream increased with 
increasing number of washes. This is seen in the fact that the 
unwashed samples had the least free cream while the samples given two 
washes had the most free cream.
Yield was not significantly (P > .05) different among washes. 
The samples from two washes had a yield of 19.5%, which was slightly 
higher than the 19.1% from both zero and one wash. One thing that 
was certain in this phase of the study was that all yields were high. 
In part I, low yields were attributed to excessive draining of the 
curd. In part II, however, drainage was stopped much earlier at a 
flow rate of 400 ml/min. The high yields here, therefore, support 
the theory that all other tilings being normal, yields are influenced 
by the moisture levels of the curd.
The effect of washing treatment on the total solids of cottage 
cheese varied from 20.4% (two washes) to 21.7% for the unwashed 
samples (Table 26) . Each treatment was significantly (P < .05) 
different from the other in relation to the total solids contents of
TABLE 26. Effect of different washing treatments and 71°C dressing on the mean curd-to-cream ratio,
free cream, yield, total solids, fat, and shelf-life of creamed cottage cheese (n=3).
Wash Curd %
Free Cream 
(ml) Yield (%)*
Total 
Solids (%) Fat (%)
Shelf-life
(d)
0 57a 23.7a 19. la 21.7a 4.15a 50a
1 57a 28.7a 19. la 21. lb 4.08b 50a
2 57a 36.0a 19.5a 20.4C 4.07b 50a
% Yield = g dry curd/g milk X 100%
a'k'c - Means with different superscripts are significantly (P < .05) different by the LSD test.
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the sample (Table 27). The unwashed cheese had a higher total solids 
than either of the other two washed cheese. The cheese with one wash 
was higher in total solids than cheese with two washes. These 
decreases in total solids as the number of washes increased can be 
associated with the losses of fines to the wash water. Fines have 
been known to contribute to the total solids of creamed cottage 
cheese. This trend of decreasing total solids with increasing washes 
seems to be the main reason why the most free cream is released by 
the samples from two washes (Table 26). This is because fines have 
also been known to aid the absorption of cream. Generally, total 
solids were controlled to within the legal minimum of 20%. This can 
be attributed to stopping of drainage much earlier in this part of 
the study than was done in part I.
The fat contents from the different washing treatments ranged 
from 4.07% with the two washes to 4.15% in the zero wash (Table 26). 
The comparisons on Table 28 show that zero wash was significantly 
(P < .05) different from either the one wash or two washes. On the 
other hand, although the one wash was better than the two washes, the 
difference between them was not significant (P >.05). The 
differences among the fat contents of the samples from the three 
washing treatments seem to be related to the excessive absorption of 
wash water as the number of washes was increased. Since the washed 
curd had the tendency to absorb more of the wash water, it absorbed 
less serum from the added dressing, resulting in less fat clinging to 
the curd particles, hence, the lower percent fat obtained with 
increased number of washes.
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TABLE 27. Comparisons (t-tests) of the mean total solids contents of 
cottage cheese given different washing treatments and 71 C dressing.
WASH
COMPARISON
LOWER
CONFIDENCE
LIMIT
DIFFERENCE
BETWEEN
MEANS
UPPER
CONFIDENCE
LIMIT
0 - 1 0.292 0.561 0.829 ***
0 - 2 1.037 1.296 1.555 ***
1 - 0 -0.829 - --0.561 -0.292 ***
1 - 2 0.476 0.735 0.994 ***
2 - 0 -1.555 -1.296 -1.037 ***
2 - 1 -0.994 -0.735 -0.476 ***
***
P < .05
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TABLE 28. Comparisons (t-tests) of the mean fat contents of creamed 
cottage cheese given different washing treatments and 71°C dressing.
WASH
COMPARISON
LOWER
CONFIDENCE
LIMIT
DIFFERENCE
BETWEEN
MEANS
UPPER
CONFIDENCE
LIMIT
0 - 1 0.0031 0.0633 0.1235 * ‘k'k
0 - 2 0.0236 0.0816 0.1396 ***
1 - 0 -0.1235 -0.0633 -0.0031 ***
1 - 2 -0.0397 0.0183 0.0763
2 - 0 -0.1396 -0.0816 -0.0236 ***
2 - 1 -0.0763 -0.0183 0.0397
***
P < .05
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The effect of washing treatment on the flavor profile during the 
storage of cottage cheese is plotted in Figure 11. At 0 d, the 
unwashed samples gave the lowest mean flavor score of 7.3 (1-10
scale), while the one wash and two washes resulted in scores of 7.4 
and 7.7, respectively. At the end of 50 d shelf-life, both the 
unwashed and one washed cheese gave a score of 6.5, while the two 
washes had a mean score of 6.9. The comparisons among the mean 
flavor scores of the different washing treatments (Table 29) show 
that samples of cheese with two washes received significantly 
(P < .05) higher scores than the unwashed ones. Although the samples 
from two washes also received higher scores than those from one wash, 
the difference was not significant (P > .05) . The samples given one 
wash received a little higher scores than the unwashed samples, but 
the difference between the scores was not significant (P >.05). 
Flavor criticisms were not very different among the various washing 
treatments (Table 30) . Thus, the number of washes given cottage 
cheese can be effectively reduced while, at the same time, producing 
a product which is comparable in flavor to those given several 
washes. In addition, such disadvantages as contamination, costs, and 
time associated with washing treatments can be minimized with reduced 
washing.
The effect of washing treatments on the body/texture and 
appearance/color of cottage cheese is reported in Table 31. The 
scores were highest with the samples given two washes and lowest with 
the unwashed ones. However, all the scores were not significantly 
(P >. 05) different. Also, the scores did not change considerably
»
o
o
t
—
n
127
7.8-1
7.7
7.6
7.5-
7.3
7.2
6.9-
6 .8-
• WASH 
A—A—A WASH 
■ WASH
6.7-
6 .6-
6.5-
0 7 21 3514 28 42 49
DAYS
FIGURE 11. Plots of the mean flavor scores (n=3) during storage 
of creamed cottage cheese obtained by different washing treatments 
and 71°C dressing.
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TABLE 29. Comparisons (t-tests) of the mean flavor scores of creamed 
cottage cheese given different washing treatments and 71 C dressing.
WASH
COMPARISON
LOWER
CONFIDENCE
LIMIT
DIFFERENCE
BETWEEN
MEANS
UPPER
CONFIDENCE
LIMIT
2 - 1 -0.2324 0.0517 0.3358
2 - 0 0.0106 0.2948 0.5789 ***
1 - 2 -0.3358 -0.0517 0.2324
1 - 0 -0.0493 0.2431 0.5354
0 - 2 -0.5789 -0.2948 -0.0106 ic'kic
0 - 1 -0.5354 -0.2431 0.0493
***
P < .05
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TABLE 30. The most frequently noted flavor defects during storage of 
cottage cheese given different washing treatments and 71°C dressing.
Storage Time (d)
Wash 0 7 14 21 28 35 42 50
0 Acid Acid LFa LF Acid Acid Acid LF
1 Acid Acid LF LF Acid Acid Acid LF
2 Acid Acid LF LF Acid LF Acid LF
ciIndicates lacks freshness
TABLE 31. Effect of different washing treatments and 71°C dressing on the mean body/texture and
appearance/color scores during storage of creamed cottage cheese (n=3).
Wash Character
Storage time (d)
0 7 14 21 35 50
0 Body/texture 3.6a 3.7 4.0 3.9 4.0 3.9
Appearance/color 3.5b 3.4 3.9 3.8 3.5 3.7
1 Body/texture 3.6 3.7 4.1 4.0 3.8 3.8
Appearance/color 3.6 3.6 3.8 3.8 3.7 3.7
2 Body/texture 4.0 4.0 4.2 4.1 4.1 4.1
Appearance/color 3.9 3.8 4.0 4.0 3.8 3.9
aBody/texture scores were not significantly (P > .05) different among washes (s.e. = 0.481). 
^Appearance/color scores were not significantly (P > .05) different among washes (s.e. = .562).
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during storage. From all indications, the body/texture of a curd 
which has been properly cut and then given adequate cooking and 
handling treatments should not be affected by the number of washes. 
As for the appearance/color of cottage cheese, washing can only
result in improvement if the curd particles have been heavily 
shattered, resulting in a lot of fines. Under such conditions, 
washing can help to eliminate the mealy/grainy appearance usually 
associated with the presence of fines.
The effect of washing on the microbiological profile during 
storage of cottage cheese is shown in Figures 12 and 13. The
profiles indicate that there were no significant (P > .05)
differences among the various levels of washing. The coliform counts 
were generally less than 1/g at 0 d and throughout the storage of all
samples. The SPC of the three levels of washing were low at 0 d and
did not change much during storage. As for the control, the SPC was 
a little higher than those of the other treatments at 0 d, but the 
counts increased rapidly after 14 d. of storage until the end of 
shelf-life at 35 d (Figure 12) . The profiles (Figure 13) of the 
psychrotrophs were similar to those of the total bacteria, except 
that the psychrotrophic counts were much lower at 0 d. It is
important to recall at this point that the washing treatments in this 
study were done with hot water, with the only exception being the 
control which was treated with cold water. Therefore, the
differences between the microbiological qualities of the control and 
those of the other treatments could be said to be due both to the 
difference in the temperatures of the wash water and to the
difference between the hot and cold dressing treatments.
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FIGURE 12. Effect of different washing treatments and 71°C 
dressing on standard plate count (SPC) during storage of creamed 
cottage cheese.
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FIGURE 13. Effect of different washing treatments and 71°C 
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of creamed cottage cheese.
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Addition of Flavor Preparations
The mean flavor scores of cottage cheese obtained from the 
treatment of dressing with starter distillate (diacetyl) are reported 
in Table 32. The samples treated with starter distillate gave a mean 
flavor score of 7.24, which was significantly (P < .05) higher than 
the 6.92 obtained when no starter distillate was added to the 
dressing. The plots of the flavor scores at 0 d and during storage 
of the samples are shown in Figure 14. At O d, the mean flavor score 
of the sample treated with starter distillate was 7.8, while that of 
the untreated sample was 7.1. Though both of these scores declined 
during storage, that of the treated sample was more rapid through 35 
d, after which no significant (P > .05) difference occurred between 
the two profiles. At the end of 50 d shelf-life, the treated sample 
gave a score of 6.6, while the untreated was 6.7. The reason why the 
flavor scores of the treated sample declined rapidly during storage 
can be associated with the rapid irreversible reduction of diacetyl 
(the key characteristic cottage cheese flavor compound) to 
acetylmethylcarbinol (acetoin) and finally to 2, 3-butylene glycol, 
the reduction product which usually accumulates in such a reaction 
(9, 21, 95, 174). After 35 d of storage, during which the reduction 
reaction might have been completed in the treated samples, the scores 
of both the treated and untreated samples were very similar.
The differences in the flavor scores and profiles of the treated 
and untreated samples demonstrated the importance of adding flavor 
preparations to the cottage cheese dressing, especially when the curd 
is given a reduced washing treatment. It is interesting to find that
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TABLE 32. Comparison (t-tests) of the mean flavor scores of creamed 
cottage cheese made with or without addition of starter distillate 
(diacetyl) to 71 C dressing.
Grouping Mean N Diacetyl
Aa 7.2393 234 With
B 6.9213 216 Without
^eans with the same letter are not significantly (P < .05) different
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FIGURE 14. Plots of mean flavor scores (n=3) during storacre of 
creamed cottage cheese obtained with and without the addition of 
starter distillate to 71°C dressing.
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with the addition of starter distillate, no significant (P > .05) 
difference was obtained between the flavor scores of the washed and 
unwashed samples of cottage cheese. In the first part of this study, 
when all samples were unwashed and no flavor preparation was added to 
the dressing, the most frequently noted flavor defect was reported to 
be acid, which was predominantly due to whey. However, in this 
section of this study, when starter distillate was added to unwashed 
samples, the flavor criticisms were different and much improved 
(Table 33) . Though the acid flavor still seemed to dominate all 
criticisms, this was a more desirable cottage cheese acid flavor, 
rather than the acid whey flavor obtained in the earlier works.
TABLE 33. The most frequently noted flavor defects during storage of 
cottage cheese made with or without addition of starter 
distillate (diacetyl) to 71°C dressing.
Storage Time (d)
Diacetyl 0 7 14 21 18 35 42 50
With
Without
Acid
Acid
Acid
Whey
Coarse
LF
Acid
LF
Acid
Acid
Acid
LF
Acid
Acid
LFa
LF
aIndicates lacks freshness
SUMMARY AND CONCLUSIONS
The main objective of this research was to explore the 
possibility of minimizing curd washing in combination with hot 
packing to prevent the post-cooking contamination of cottage cheese. 
This contamination is frequently associated with the conventional 
washing and cold packing of cottage cheese. Therefore, these two 
treatments could extend the shelf-life of creamed cottage cheese. It 
was also of interest in the study to obtain a specific combination of 
dressing temperature and holding time that, when combined with 
unwashed curd, would result in high quality creamed cottage cheese. 
Finally, an attempt was made to verify the use of the selected 
optimum combination with different methods of curd formation, washing 
treatments and addition of flavor preparation to the dressing on 
creamed cottage cheese.
The no-washing treatment resulted in cottage cheese samples which 
were comparable in attributes to commercial cottage cheese. The 
yield was good as a result of retention of most of the fines which 
would otherwise have been lost if the curd had been washed. Yields 
could even have been higher if the dry curd were not over-drained as 
a precaution to minimize the possibility of whey flavor defects. 
Since the total solids content of the curd was very high and 
negatively correlated (P < .01) to yield, body/texture
and appearance/color, stopping whey drainage earlier would result in 
lower solids, higher yields and improved body/texture and 
appearance/color of the cottage cheese.
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The use of hot dressing resulted in creamed cottage cheese which 
was better in seme attributes and highly comparable in others to 
cotmercial products. The proportion of curd in the curd-to-cream 
ratio was high and yet, the amount of free cream was considerably 
low, meaning that the high dressing temperatures favored the 
absorption and retention of cream. Since dry curd is more expensive 
than a corresponding weight of cream dressing, the cottage cheese 
manufacturer could maximize profits by adopting hot dressing. The 
hot dressing procedure appeared to allow less curd loss in the 
creamed cottage cheese than that frequently obtained in the 
conventional cold dressing method.
The creamed, unwashed cottage cheese was highly comparable in 
flavor to its conventional counterpart, even though no flavor 
preparation was added to the dressing. The mean flavor score at 0 d 
was about 7.0 (1-10 scale) and this gradually declined during
storage. The most frequently noted flavor defect was acid, which was 
apparently due to the presence of whey in the curd. The addition of 
such flavor preparations as starter distillate to the dressing would 
minimized the acid whey defect and improved the flavor scores of the 
unwashed cheese.
The hot packing of the creamed unwashed cottage cheese had a 
prolonging effect on shelf-life. The mean shelf-life obtained was 
about 42 d, which was much longer than the 14-18 d frequently 
obtained for the conventional product. Consistently long shelf-life 
would be assured if the hot dressing temperatures were effectively 
maintained during packaging or an enclosed system of packaging were
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utilized to prevent environmental contaminations. Also a quicker 
method of cooling the hot packed containers would prevent any 
contaminating microorganisms from being able to proliferate during 
the early stages of storage.
The optimum combination of dressing temperature and holding time 
found to be suitable with unwashed curd in providing creamed cottage 
cheese with desirable quality attributes at minimum costs, was 71°C 
and zero holding time. This combination resulted in cottage cheese 
with 52:48 curd-to-cream ratio, 19 ml free cream, 24.6% total solids, 
4.5% fat, and 47 d shelf-life. The mean flavor rating were 7.0 (1-10 
scale) at 0 d, 7.0 at 7 d, 6.8 at 14 d, 6.3 at 21 d and 5.3 at end of 
shelf-life. The mean body/texture scores at 0, 7, 14, 21 d and
shelf-life were 3.0 (1-5 scale) 3.3, 3.5, 35. and 3.7, respectively. 
The appearance/color scores were 3.0 (1-5 scale) 3.8, 3.3. 3,5, and 
3.0, respectively.
Evaluation of the optimum combination of dressing temperature 
and holding time with different methods of curd formation indicated 
that the method of curd formation does not have any bearing on the 
quality attributes of the creamed cottage cheese. Instead, it was 
the difference in creaming methods that appeared to affect quality. 
The methods of curd formation used in the study were settings 1, 2, 
3, and 4. Setting 1 involved direct acidification of 12% NFDM and 
hot dressing; setting 2 was direct acidification of 10% NFDM and hot 
dressing; setting 3 was culture setting of 12% NFDM and hot dressing; 
and setting 4 was the control which involved direct acidification of 
12% NFDM and cold dressing. Settings 1, 2 and 3, which involved
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treatment of the dry curd with hot dressing, were significantly 
(P < .05) better in microbial quality and shelf-life than the 
control, which was a conventionally made product. The shelf-life of 
the samples treated with hot dressing were at least 50 d while the 
control samples barely survived 35 d shelf-life.
Washing treatments had a significant (P < .05) effect on total 
solids. The zero wash contained the highest solids level while the 
two washes was lowest. In the case of flavor ratings, zero wash was 
not significantly (P > .05) different from one wash, but was 
significantly (P < .05) lower than two washes, and one wash was not 
significantly (P >.05) different from two washes. At 0 d, zero wash 
scored 7.3 (1-10 scale), one wash 7.4, and two washes 7.7 in flavor. 
At the end of 50 d shelf-life, zero and one wash both scored 6.5 
while two washes scored 6.9.
The use of starter distillate in dressing resulted in 
significantly (P < .05) higher flavor scores, particularly during the 
early stages of storage. At 0 d, the mean flavor score of treated 
creamed cottage cheese was 7.8, while the untreated sample was 7.1. 
The difference in scores declined gradually until after 35 d of 
storage when scores were virtually the same. This was apparently due 
to normal reduction of flavor compounds with time which might have 
occurred in the treated sample.
SELECTED BIBLIOGRAPHY
1. American Dry Milk Institute. 1971. Standards for Grades of
Dry Milks including Methods of Analysis. American Dry Milk 
Institute, Inc., 130 North Franklin Street, Chicago, 111. pp 
1-53.
2. American Public Health Association. 1978. Standard Methods
for the Examination of Dairy Products. 14th ed. Am. Publ. 
Health Assoc., Inc., Washington, D.C.
3. Angevine, N.C. 1957. Present day problems in the manufacture 
of cottage cheese. Milk Dealer 46(4):37.
4. Angevine, N.C., I.H. Harmon, H.C. Olson, S.I. Tuckey, and D.M.
Irvine. 1958. Score-card and guide for cottage cheese. J.
Dairy Sci. 41:214.
5. Angevine, N.C. 1959. Keeping quality of cottage cheese. J. 
Dairy Sci. 42:2015.
6. Angevine, N.C. 1973. Quality control of cottage cheese. 
Cult. Dairy Prod. 8(1):30.
7. Anonymous. 1980. Reduce cottage cheese production costs by 
combining bulk starter and direct-to-vat cultures. Am. Dairy 
Rev. 42(8):18.
8. Association of Official Analytical Chemists. 1980. Official 
methods of analysis. 13th ed. Association of Official 
Analytical Chemists, Washington, D.C.
9. Atherton, H.V. and J.A. Newlander. 1981. Chemistry and 
Testing of Dairy Products. 4th ed. AVI Publishing Co., Inc., 
Westport, CT.
10. Aylward, E.B., J. O'Leary, and B.E. Langlois. 1980. Effect 
of milk storage on cottage cheese yield. J. Dairy Sci. 
63:1819.
11. Babel, F.J. 1946a. Studies on the resistance of various 
cheese cultures to action of bacteriophage. J. Dairy Sci. 
29:496.
12. Babel, F.J. 1946b. Factors influencing acid production by 
cheese cultures. II. Influence of bacteriophage on acid 
production in the manufacture of Cheddar and cottage cheese. 
J. Dairy Sci. 29:597.
143
144
13. Beckerleg, D. 1979. How to establish pricing for cottage 
cheese. Proc. 1st biennial Marschall Inter. Cheese 
Conference. Madison, Wiconsin.
14. Bender, J.H. and S.I. Tuckey. 1957. Relationship between 
certain skim milk constituents and the yield of cottage 
cheese. J. Dairy Sci. 40:713.
15. Bepex Corporation, Inc. 1982. Bepex improves cottage cheese 
processing. Whey curd drainer component saves time and labor. 
Dairy Record. 83(7):97.
16. Bishop, J.R., A.B. Bodine, and J.J. Janzen. 1983. Electron 
Microscopic comparison and curd microstructure of cottage 
cheese coagulated with and without microbial rennin. Cult. 
Dairy Prod. J. 18(8):14.
17. Blaine, C.R. 1956. The application of electricity to the 
manufacture of cheese. M.S. Thesis. University of Idaho, 
Moscow, Idaho.
18. B on n er, M.D. and L.G. Harmon. 1957. C h a r a c t e r i s t i c s  o f  
org a n ism s c o n t r ib u t in g  t o  s p o i la g e  o f  c o t t a g e  c h e e s e .  J .  
D a ir y  S c i .  40:1599.
19. Bom, B. and G. Muck. 1969. Direct acid continuous cottage 
cheese process. Cult. Dairy Prod. J. 4(1):11.
20. Bynum, D.G. and N.F. Olson. 1982. Standardization of a device 
to measure firmness of curd during clotting of milk. J. Dairy 
Sci. 65:1321.
21. Campbell, J.R. and R.T. Marshall. 1975. The Science of 
Providing milk for man. McGraw-Hill, Inc., New York, N.Y.
22. Carroad, P.A. and C.A. Perry. 1980. Influence of washing on 
properties of small curd cottage cheese made on the pilot 
scale. J. Dairy Sci. 63:1815.
23. Chaudhary, R.A., S.L. Tuckey, and L.D. Witter. 1960. Heat 
resistance of three strains of psychrophilic organisms added 
to skim milk for cottage cheese manufacture. J. Dairy Sci. 
43:1774.
24. Chua, T.E.H. and W.L. Dunkley, 1979. Influence of cooking 
procedures on properties of cottage cheese curd. J. Dairy 
Sci. 62:1216.
25. C le g g , L.F.I., R.M. M ei, R.T. H ard in , and L. M cK night. 1978. 
A n o te  on th e  s h e l f  l i f e  o f  c o t t a g e  c h e e s e .  M odem  D a iry  
57(4):13.
145
26. Collins, E.B. 1955a. Factors involved in the control of
gelatinous curd defects of cottage cheese. I. J. Milk and 
Food Technol. 18:169.
27. Collins, E.B. 1955b. Factors involved in the control of
gelatinous curd defects of cottage cheese. II. J. Milk and 
Food Technol. 18:189.
28. Collins, E.B. 1958. Changes in the bacteriophage sensitivity 
of lactic streptococci. J. Dairy Sci. 41:41.
29. Collins, E.B. 1961. Resistance of certain bacteria to
cottage cheese cooking procedures. J. Dairy Sci. 44:1989.
30. Connor, F.R. 1973. The production of sour curd cheese by 
continuous fermentation. M.S. Thesis. University of New 
South Wales, Sydney, Australia.
31. Cooper, H.R. and T.A. Watts. 1981. Evaluation of textural 
characteristics produced in cottage cheese creamed with 
selected dressings. Can. Inst. Food Sci. Technol. J. 
14(1):29.
32. Corbin, E.A., Jr. 1971. Cheese manufacture. U.S. Patent 
3,620.768.
33. Cordes, W.A. 1959. Factors affecting the yield of cottage 
cheese. J. Dairy Sci. 42:2012.
34. C o v a c e v ic h , H. 1982. M an u factu re  o f  c h e e s e s  by d i r e c t  
a c i d i f i c a t i o n .  D a ir y  S c i .  A b s tr . 44(5):306.
35. C u s te r , E.W. 1977. M a n u fa ctu r in g  t o p - q u a l i t y  c o t t a g e  c h e e s e .  
C u lt .  D a ir y  P rod . J. 12(4):18.
36. Davis, P.A. and F.J. Babel. 1954. Slime formation on cottage 
cheese. J. Dairy Sci. 37:176.
37. Deane, D.D. and E.G. Hammond. 1960. Coagulation of milk for 
cheese making by ester hydrolysis. J. Dairy Sci. 43:1421.
38. Durrant, N.W., W.K. Stone, and P.M. Large. 1961. The effect 
of increasing the serum protein content of cottage cheese curd 
on yield and quality. J. Dairy Sci. 44:1171.
39. Ellerman. J.A.G. 1975. Testing the lactic streptococci for 
agglutinin titers in cows milk. Austral. J. Dairy Technol. 
30:3.
40. Elliker, P.R. 1954. Five points of sanitation that up 
cottage cheese quality. Food Eng. 26(11):79.
146
41. Elliker, P.R. 1963. A way to better keeping quality of dairy 
products. Milk Dealer 52(10):40.
42. Elliker, P.R., W.E. Sandine, B.A. Hauser, and W.K. Moseley. 
1964. Influence of culturing cottage cheese dressing with 
different organisms on flavor and keeping quality. J. Dairy 
Sci. 47:680.
43. Emmons, D.B., W.V. Price and A.M. Swanson. 1957. The A-C
test. (Acid-Coagulation) . A new method of determining the
tine for cutting cottage cheese curd. Extension Circular 541, 
University of Wisconsin, Madison, Wisconsin.
44. Emmons, D.B., A.M. Swanson, and W.V. Price. 1958. Effect of
skim milk heat treatment on cottage cheese. J. Dairy Sci. 
41:714.
45. Emmons, D.B. and Price, W.V. 1959a. A curd firmness test for
cottage cheese. J. Dairy Sci. 42:553.
46. Emmons, D.B., A.M. Swanson, and W.V. Price. 1959b. Effect of
skim milk heat treatments on cottage cheese manufacture. J. 
Dairy Sci. 42:1020.
47. Emmons, D.B. and W.V. Price. 1960a. Observations on creaming
of cottage cheese. J. Dairy Sci. 43:931.
48. Emmons, D.B., W.V. Price, and J.H. Torrie. 1960b. Effects of
lactic cultures on acidity and firmness of cottage cheese
coagulum. J. Dairy Aci. 43:480.
49. Emmons, D.B. 1963a. Recent research in the manufacture of 
cottage cheese. Dairy Sci. Abstr. 25:129 and 175.
50. Enmons, D.B., J.A. Elliott, and D.C. Beckett. 1963b. 
Agglutination of starter bacteria, sludge formation and slow 
acid development in cottage cheese manufacture. J. Dairy Sci. 
46:600.
51. Enmons, D.B., J.A. Elliott, and D.C. Beckett. 1965. 
Sensitive test for lactic-streptococcal agglutinins. J. Dairy 
Sci. 48:1245.
52. Emmons, D.B., J.A. Elliott, and D.C. Beckett. 1966. Effect 
of lactic-streptococcal aglutinins on curd formation and 
manufacture of cottage cheese. J. Dairy Sci. 49:1357.
53. Enmons, D.B. and J.A. Elliott. 1967a. Effect of 
homogenization of skim milk on rate of acid development, 
sediment formation, and quality of cottage cheeese made with 
agglutinating cultures. J. Dairy Sci. 50(6):957.
147
54. Enmons, D.B. and S.L. Tuckey. 1967b. Cottage cheese and 
other cultured milk products. Vol. III. Pfizer Cheese 
Monographs. Chas. Pfizer and Co., New York, pp 15-93.
55. Enmons, D.B. and D.C. Beckett. 1970. control of pH during
cutting and cooking in manufacture of cottage cheese. XVIII
Inter. Dairy Congr. IE:335.
56. Ertroons, D.B., D.C. Beckett, J.N. Campbell, and E.S. Humbert. 
1978. Reduced Washing of cottage cheese and increased 
recovery and whey solids. Cult. Dairy Prod. J. 13(2):13.
57. Enmons, D.B., D.C. Beckett, and H.W. Modler. 1981. Quality 
of cottage cheese from highly heated skim milk as affected by 
level of rennett and cutting pH. ADSA Annual Meeting, Baton 
Rouge, LA. June 28-Juiy 1, 1981.
58. Emstrom, C.A. 1964. Continuous cottage cheese manufacture 
by acidification at lower temperatures. Milk Dealer 
54(21):50.
59. Emstrom, C.A. and C.G. Kale. 1975. Continuous manufacturing 
of cottage and other uncured cheese varieties. J. Dairy’ Sci. 
58:1008.
60. Feniger, I. and C. Jankielewicz. 1966. Manufacture of soft
white cheese frcm skim milk powder by continuous separation.
Proc. 18th Inter. Dairy Congr. Sec. d:l, pp. 161-168.
61. Flanagan, J.F., M.P. Thompson, D.P. Brower, and D.M. 
Gyuricsek. 1978. Manufacture of mozzarella, muenster, and 
cottage cheese frcm reconstituted nonfat milk powder. Cult. 
Dairy Prod. J. 13(4):24.
62. Food and Drug Administration. 1982. Establishment of 
Identity Standards for lowfat Cottage cheese. Name changes 
and Identity Standards, Cottage Cheese and creamed cottage 
cheese. Federal Register, June 30. F.R. 12934.
63. Fox, P.F. 1978. Manufacture of cultured dairy products by 
direct acidification. (Review). Dairy Sci. Abstr. 
49(12):727.
64. Geminder, J. 1959. Extending the shelf-life of creamed 
cottage cheese with sorbic acid. Milk Dealer 48(4):44.
65. Gerson, M.F. 1970. New non-cultured curd process for 
producing cottage cheese by the batch method. AM. Dairy Rev. 
32(9):52.
66. Gerson, M.F. 1977. Trends in direct acidification of cottage 
cheese. Cult. Dairy Prod. J., 12(2):20.
148
67. Gillies, A.J. 1959. Inhibitory factors in cheese milk. XVth 
Inter. Dairy Congr. 2:523.
68. Glaser, J., P.A. Carroad, and W.I. Dunkley. 1979. Surface 
structure of cottage cheese by electron microscopy. J. Dairy 
Sci. 62:1058.
69. Glaser, J., P.A. Carroad, and W.L. Dunkley. 1980. Electron 
microscope studies of casein micelles and curd microstructure 
in cottage cheese. J. Dairy Sci. 63:37.
70. Harmon, L.G. and C.K. Smith. 1959. The influence of 
environment and processing on spoilage organisms in cottage 
cheese. J. Milk Food Technol. 19:252.
71. Hannon, L.G., G.C. Walker, and L.D. McGilliard. 1961. 
Modified reduction test to predict the shelf-life of cottage 
cheese. J. Dairy Sci. 44:1627.
72. Harper, W.J. 1960. Antibiotic-protein interaction on the 
acid coagulation of milk. Am. Milk Rev. 22(8):32.
73. Hartley, H.A. 1956. The manufacture of cheese by application 
of electricity. M.S. Thesis. University of Idaho, Mosco, 
Idaho.
74. Hempenius, W.L. and B.J. Liska. 1964. Preliminary 
obserbations on production of natural flavor in chemically 
acidified cream and skim milk. J. Dairy Sci. 47:1099.
75. Hempenius, W.L., B.J. L'iska, and R.B. Harrington. 1965. 
Consumer preferences for flavor in creamed cottage cheese. J. 
Dairy Sci. 48:870.
76. Hicks, C.L., J. O'Leary, and B.E. Langlois. 1981. Equipment 
and procedure for manufacturing laboratory cheese curd. J. 
Dairy Sci. 64:523.
77. Hinds, Jr., H. 1971. Cottage cheese curd washing and 
handling. Cult. Dairy Prod. J. 6(2):21.
78. Hunter, G.J.E. 1944. The influence of bacteriophage on the 
cheese-making process. J. Dairy Res. 13:294.
79. Hussong, R.V., F.H. Marth, and D.G. Vakaleris. 1964. 
Manufacture of cottage cheese. U.S. Pat. 3, 117,870.
80. Jezeski, J.J. and H. Macy. 1946. Cryophilic organisms in 
water and butter. J. Dairy Sci. 29:439.
81. Johns, C.K. 1943. Further studies on bacteriophage in 
relation to Cheddar cheese-making. J. Dairy Res. 13:119.
149
82. Jones, F.S. and R.B. Little. 1927. The bacteriocidal
property of cow's milk. J. Exptl. Med. 45:319.
83. Jones, F.S. and H.S. Sirrms. 1930. Bacterial growth in­
hibitory (Lactenin) of milk. J. Exptl. Med. 51:327.
84. Kalab, M. and D.B. Enmons. 1971a. Heat-induced milk gels. 
J. Dairy Sci. 54:764.
85. Kalab, M., P.W. Roisey, and D.B. Emmons. 1971b. Heat-induced
milk gels. II. Preparation of gels and measurement of
firmness. J. Dairy Sci. 54:178.
86. Kalab, M., D.B. Emmons, and P.W. Voisey. 1971c. Heat-induced 
milk gels. III. Physical factors influencing the firmness. 
J. Dairy Sci. 54:638.
87. Kalab, M. and D.B. Emmons. 1972. Heat-induced milk gels. V.
seme chemcial factors influencing the firmness. J. Dairy Sci.
55:1225.
88. Kalab, M. and V.R. Harwalkar. 1973. Milk gel structure. I.
Application of scanning electron microscopy to milk and other
food gels. J. Dairy Sci. 56:835.
89. Kale, C.G. 1973. Sane factors affecting the body and texture 
of direct acid cottage cheese. M.S. thesis. Utah State 
University, Logan.
90. Keogh, B.P. 1958. Variations in lactic acid production in 
milk. Austral. J. Dairy Technol. 13:132.
91. Kishorti, E. 1975. Influence of heat resistant lipases and 
proteases in psychrotrophic bacteria on product quality. 
Inter. Dairy Fed. Document 86:121.
92. Kosikowski, F.V. 1960. Fresh homogenized cottage cheese. 
Am. Milk Rev. 22(6):38.
93. Kosikowski, F.V. 1963. Seme distribution patterns of cottage 
cheese particles and conditions contributiong to curd 
shattering. J. Dairy Sci. 46:391.
94. Kosikowski, F.V. and D.P. Brown. 1973. Influence of carbon 
dioxide and nitrogen on microbial populations and shelflife of 
cottage cheese and sour cream. J. Dairy Sci. 56:12.
95. Kosikowski, F. 1982. Cheese and Fermented Milk Foods. 3rd 
ed. Pub. by Author, Ithaca New York. Distributed by Edwards 
Brothers, Inc., Ann Arbor, Michigan, pp 109-143.
150
96. Kristoffersen, T., K.H. Koo, and W.L. Slatter. 1974. 
Determination of Casein by the dye method for estimation of 
cottage cheese curd yield. Cult. Dairy Prod. J. 9(1):12.
97. Lawton, W.C. and F.E. Nelson. 1954. The effect of storage 
temperatures on the growth of psychrophilic organisms in 
sterile and laboratory pasteurized skim milks. J. Dairy Sci. 
37:1164.
98. Linklater, P.M. and Griffin. 1971. A laboratory study of 
continuous fermentation of skim milk for the production of 
sour curd cheese (quarg). J. Dairy Res. 38:137.
99. Little, L.L. 1966. Techniques for acidified dairy products. 
J. Dairy Sci. 50:434.
100. Little, L.L. 1968. Process for making cheese by coagulationg 
milk at a low temperature. U.S. Patent 3,406,076.
101. Lucas, P.S. 1962. What causes spongy formation in cottage 
cheese. Am. Milk Rev. 24(10):74.
102.' Lundstedt, F. 1955. New curd meter takes guesswork out of 
cheese making. Food Eng. 27(11):97.
103. Lundstedt, E. 1957a. Tips on cottage cheese production. I. 
A new method for determining the yield of cottage cheese from 
skim milk. II. A simple way for calculating the correct 
creaming yield for various styles of creamed cottage cheese. 
Milk Dealer 46(5):59.
104. Lundstedt, E. 1957b. Curd meter. U.S. pat. 2,791, 903.
105. Lundstedt, E. and W.B. Fogg. 1962. Diacetyl formation in 
creamed cottage cheese and butter by use of citrated whey 
cultures of S. lactis spp. diacetilactis. J. Dairy Sci. 
45:149.
106. Lundstedt. E. 1968. Creaming formulas for cottage cheese. 
Cult. Dairy Prod. J. 2(3):2.
107. Lundstedt, E. 1972. A new and superior type of cottage 
cheese. Cult. Dairy Prod. J . 7(1):8.
108. Lundstedt, E. 1978. Factors affecting the yield of cheese. 
Cult. Dairy Prod. J. 13(3):10.
109. Mabbitt, L.A., H.R. Chapman, and N.J. Berridge. 1955. 
Experiments in cheesemaking without starter. J. Dairy Res. 
22:365.
151
110. Mann, E.J. 1980. Cottage Cheese. (Review). Dairy Industries 
Inter. 45(2):40.
111. Manus, L.J. 1957. High viscosity cottage cheese dressing. 
Milk Prod. J. 48(10):57.
112. Martin, W.H., V.D. Foltz, and W.D. Rutz. 1960. A survey of 
cottage cheese quality. J. Milk and Food Technol. 23:306.
113. Mather, E.W. and F.J. Babel. 1959. A method of standardizing 
the biacetyl content of creamed cottage cheese. Dairy Sci. 
42:1045.
114. McMahon, D.J. and R.J. Brown. 1984. Enzymic coagulation of
casein micelles: A Review. J. Dairy Sci. 67:919.
115. McNurlin, F.F. and C.A. Emstrom. 1962. Formation of curd by 
direct addition of acid to skim milk. J. Dairy Sci. 45:647.
116. Mehta, R., H.S. Sharma, J.T. Marshall, and R. Bassette. 1980. 
Flavor and texture of cottage cheese made by direct-acid-set 
and culture methods. J. Food Prot. 43(5):390.
117. Mikolajcik, F.M. 1979. Pyschrotrophic bacteria and dairy 
product quality. 1. Major organisms involved and defects 
produced. Cult. Dairy Prod. J. 14(4)s6.
118. Milk Industry Foundation. 1959. Laboratory Manual. Methods 
of Analysis of Milk and Its Products. 3rd ed. MIF., 
Washington, D.C.
119. Mojonnier, T. and H.C. Troy. 1925. The Technical Control of 
Dairy Products. 2nd ed. Mojonnier Bros, Co., Chicago, 111.
120. Moor, A.V. 1956. Floating cottage cheese curd made from 
reconstituted nonfat dry milk solids. J. Dairy Sci. 39:918.
121. Morlev, R.G. 1981. Suggestions for the preparation of cream 
dressings for cottage cheese. Proc. 2nd biennial Marschall 
Inter. Cheese Conf., Madison, WI. pp 197-306.
122. Moseley, W.K. 1958. What is being learned frcm total counts 
on cottage cheese. Conv. Proc., Milk Ind. Found., Lab. Sect., 
p. 27.
123. Muck, G.A. and B . Bom. 1982. B u ild in g  p r e d i c t a b i l i t y  in t o  
t h e  p r o c e s s .  (New s t a r t e r  f o r  c o t t a g e  c h e e s e ) . D a ir y  F ie ld  
165(11):38.
124. Mutzelburg, I.D., G.J. Dennien, I.A. Fedrick, and H.C. Deeth. 
1982. An investigation of seme factors involved in curd 
shattering during cottage cheese manufacture. Austral. J. 
Dairy Technol. (9):107.
152
125. Mutzelburger, I.D., G.J. Dennien, and H.C. Deeth. 1983. Milk 
compositional factors affecting curd shattering during cottage 
cheese manufacture. Dairy Sci. Abstr. 45(6):4224.
126. National Dairy Council. 1967. Newer knowledge of cheese. 
2nd. ed. National Dairy Council, Chicago, IL. pp 7-48.
127. Nelson, J.A. and G.M. Trout. 1964. Judging Dairy Products. 
4th ed. The Olsen Pub. Co., Milwaukee, WI. pp 231-248.
128. Nielsen, V.H. 1974. Determining cottage cheese yield. Am 
Dairy Rev. 36(5):30.
129. Nilsson, A. 1979. The Art of Hone Cheesemaking. Woodbridge
Press Pub. Co., Santa Barbara, CA. pp 102-103.
130. Noznick, P.P. and R.H. Bundus. 1967. Cheese made by the high 
temperature treatment of milk. U.S. Patent 3,316,098.
131. Ogilvy, S. 1976. Making cheeses at hone. Crown Publishers, 
Inc., New York, N.Y. pp 15 and 42-43.
132. Olson, J.C., Jr., D.S. Willoughby, E.L. Thanas, and H.A.
Morris. 1953. The keeping quality of pasteurized milk as 
influenced by the growth of psychrophilic bacteria and the 
addition of aureanycin. J. Milk and Food Technol. 16:213.
133. Olson, J.C., Jr., R.B. Parker, and W.S. Muller. 1955. The
nature, significance and control of psychrophilic bacteria in 
dairy products. J. Milk and Food Technol. 18:200.
134. Olson, H.C. and O.D Ball. 1957. Control of bacterial
spoilage in cottage cheese. J. Dairy Sci. 40:1389.
135. Overcast, W.W. and D. Mackens. 1973. The use of hot cream as
a dressing for cottage cheese. Cult. Dairy Prod. J. 8(1):6.
136. Parker, R.B., V.N. Smith, and P.R. Elliker. 1951. Bacteria 
associated with a gelatinous or slimy curd defect of cottage 
cheese. J. Dairy Sci. 34:887.
137. Parker, R.B., A.L. Caldwell, and P.R. Elliker. 1953.
Psychrophilic bacteria - A sanitation problem. J. Milk and 
Food Technol. 16:136.
138. Powell, M.E. 1969. The use of stabilizers in cultured dairy 
products. Cult. Dairy prod. J. 4(3):3.
139. Price, W.V., A.M. Swanson, and D.B. Emmons. 1959. Recent
developments in cottage cheese manufacturing procedures. J. 
Dairy Sci. 42:2005.
153
140. Raab, Jr., J.A., B.J. Liska, and C.E. Parmalee. 1964a. A 
simple method of estimating curd fines in cottage cheese whey. 
J. Dairy Sci. 47:92.
141. Raab, Jr., J.A., B.J. Liska, and E.C. Parmalee. 1964b.
Temperature-programmed cooking of cottage cheese. J. Dairy 
Sci. 47:612.
142. Randolph, H.E. and T. Kristofersen. 1961. Characteristics of 
ccimtercial nonfat dry milk for cottage cheese. J. Dairy Sci. 
44:833.
143. Randolph, H.E. 1981. Basic equations for determining yield
and quality of cottage cheese. Review. Proc. 2nd Biennial
Marschall Inter. Cheese Conf., Madison, WI. pp 351-355.
144. Reidy, G. and T. Hedrick. 1968. Cottage cheese in the USA:
1. History to heat treatment, 2. Setting to storage, 3.
Quality control, and 4. Quality to continuous manufacture. 
Reviews. Dairy Ind. 33(6):384; 33(7):455; 33(8):531;
33(9) :617.
145. R em aley, R. 1958. The u s e  o f  n o n fa t  dry m ilk  in  m aking  
c o t t a g e  c h e e s e .  M ilk  D e a le r  47(5):64.
146. Richter, R. 1980. Estimating and calculating cottage cheese 
yields. Am. Dairy Rev. 42(1):184.
147. Rizk, 1980. Making cottage cheese with direct-to-vat
cultures. Dairy Field 163(4):76F.
148. Rogick, R.A. and L.H. Burgwald. 1950. A study of 
psychrophilic bacteria in market milk. J. Dairy Sci. 33:403.
149. Salih, M.A. and W.E. Sandine. 1980. Lactic streptococcal
agglutinins: A Review. J. Food Proc. 43(11):856.
150. S am is, J.L. 1918. C h eese  M aking. M endota Book C o . ,  M adison , 
WI. pp 117-123.
151. Sandine, W.E., A.W. Anderson, And P.R. Elliker. 1957a. How 
to avoid "floating cure" when making cottage cheese. Food 
Eng. 29(1):84.
152. Sandine, W.E., P.R. Elliker, G.H. Wilster, R.I. Stein, and 
A.W. Anderson. 1957b. A breaker test for estimating gas- 
producing tendency of lactic acid-starter cultures. J. Dairy 
Sci. 40:1646.
154
153. Sandine, W.E., P.R. Elliker and A.W. Anderson. 1959. 
Taxoncmic study of high carbon dioxide-producing lactic acid 
streptococci isolated frcm mixed-strain starter cultures. J. 
Dairy Sci. 42:799.
154. Sandine, W.F., A.W. Anderson, P.R. Elliker, and R.Q. Stein. 
1963. Observations of citrate utilization by mixed-strain 
starter cultures and protein stability of cheese milk. J. 
Dairy Sci. 64:610.
155. Sandine, W.E. 1975. Quality cottage cheese. Cult. Dairy 
Prod. J. 10(2):12.
156. Sattemess, C.E., J.G. Parsons, J.H. Martin, and K.R. 
Spurgeon. 1978. Yields of cottage cheese made with cultures 
and direct acidification. Cult. Dairy Prod. J. 13(2):8.
157. Schlegel. J.A. and F.J. Babel. 1961. Flavors imparted to 
dairy products by derivatives of phenols. J. Dairy Sci. 
44:1153.
158. Seiberling, D.A. and W.J. Harper. 1955. HTST-pasteurization 
for the control of psychrophilic organisms in plant water 
supplies. J. Dairy Sci. 38:598.
159. Sharma, H.S., R. Mickelsen, C. Tolies, R. Mehta, and R. 
Bassette. 1977. Comparison of cottage cheese made by the 
direct-acid-set and culture methods. Presented at 72nd Annual 
ADSA Meeting, Ames, Iowa. June 26-29, 1977.
160. Simon, A.L. 1965. Cheeses of the World. 2nd ed. Faber and 
Faber, London, England, pp 52-54.
161. Smith, V.T. 1962. Stabilizers and creaming of cottage cheese. 
Milk Dealer 51(7):38.
162. Snedecor, G.W. and W.G. Cochran. 1980. Statistical Methods. 
7th ed. The Iowa State University Press, Ames, Iowa.
163. Sousek, O.D. 1960. Control of pH in cottage cheese 
manufacture. Milk Dealer 49(12):36
164. Spiegel, L.S. 1973. The use of sorbates in cottage cheese. 
Cult. Dairy Prod. J. 8(1):12.
165. Standhonders, J. 1963. Inhibitory effect of lactenin 13 on 
acid production in milk by S. cremoris 803. Neth. Milk Dairy 
J. 17:96.
166. Steinitz, W.S. 1975. Stabilizers in cultured dairy products, 
dressings and fruits. Dairy and Ice Cream Field 158(5):46.
155
167. Stone, W.K. P.M. Large, and G.C. Graf. 1960. Determination 
of curd making quality of nonfat dry milk. J. Dairy Sci. 
43:48.
168. Taylor, B.W., W.J. Harper, and J.L. Blaisdell. 1965. Effect 
of package closure on keeping quality of cottage cheese. J. 
Dairy Sci. 48:785.
169. Thurston, L.M. and I. Gould, Jr. 1933. Factors governing the 
manufacture of sweet-curd cottage cheese. J. Dairy Sci. 
16:467.
170. Tsantilis, C.N.and F.V. Kosikowski. 1960. The keeping 
quality of cottage cheese under high vacuum, nitrogen and 
carbon dioxide. J. Dairy Sci. 43:846.
171. Tuckey, S.L. 1964. Properties of casien important in making 
cottage cheese. J. Dairy Sci. 47:324.
172. U.S. Department of Agriculture. 1967. A surrmary of current 
program and preliminary report on progress. Faster 
Utilization Research and Development Division, A.R.S., 
Government Printing Office, Washington, D.C.
173. Vakaleris, D.G. 1962. Method of making cottage cheese. U.S. 
Pat. 3,039,879.
174. Van Slyke, L.L. and W.V. Price. 1949. Cheese. 2nd ed. Orange 
Judd Pub. Co., Inc., New York, pp 117-152 and 382-405.
175. Vitex/American. Undated. In-line Cottage cheese 
acidification system instructions. Diamond-Shamrock Corp., 
St. Louis, MO.
176. Voisey, P.W. and D.B. Emmons. 1966. Modification of the curd 
firmness test for cottage cheese. J. Dairy Sci. 49:93.
177. Whitaker, R. 1956. The selection and use of nonfat dry milk 
solids in the manufacture of cottage cheese. J. Dairy Sci. 
39:231.
178. White, C.H. and B.W. Ray. 1977. Influence of heat treatment 
and method of acidification of milk on manufacture and 
properties of cottage cheese. J. Dairy Sci. 60:1236.
179. White, C.H. 1981. Effective starter usage and other ways to 
improve cottage cheese manufacturing procedures. Proc. 2nd 
Biennial Marschall Inter. Cheese Conf., Madison, WI. pp 
262-273.
180. White, C.H. 1982a. With cottage cheese, the "little things" 
count. Dairy Rec. 83(4):108.
156
181. White, C.H. and J.M. Ryan. 1982b. Defining optimal conditons 
frcm making cottage cheese frcm reconstituted milk powder. J. 
Food Prot. 46(8):686.
182. White, C.H. 1983. Tips for better quality and efficiency in 
the manufacture of cottage cheese. Dairy Rec. 84(3):72.
183. Whittier, E.O. and B.H. Webb. 1950. Byproducts frcm Milk. 
Reinhold Publishing Co., New York, pp 130-133.
184. Wilkowske, H.H. 1954. Relationship between titratable 
acidity and pH during lactic acid fermentation in 
reconstituted nonfat milk. J. Dairy Sci. 37:22.
185. Wilson, C.S. and A.A. Miles. 1975. Topley and Wilson's 
principles of bacteriology and iirrnunity. 6th ed. Vol. 1. 
William and Wilkins Co., Baltimore, MD.
186. Zirrmerman, H.K. and L.T. Kester. 1960. A study of the 
surface spoilage defect of cottage cheese. J. Dairy Sci. 
43:845.
VITA
Edward Ehizojie Oamen was b o m  November 3, 1954 in Irrua, Bendel 
State, Nigeria. He graduated from Annunciation Catholic College, 
Irrua with a West African School Certificate in December, 1971. He 
then attended Federal School of Science, Lagos, Nigeria frcm 1973 to 
1975.
In August, 1975 he came to the United States and enrolled at 
North Carolina Agricultural and Technical State University, 
Greensboro, where he graduated with a B.S. in Dairy Manufacturing in 
May, 1978.
In August, 1978 he was accepted into the Graduate School of 
North Carolina State University in Raleigh, where he pursued a course 
of study in Food Science. In December, 1979 he was listed among 
International Youth in Achievement. In June, 1981 he married Arlene 
Frances Davis of Elon College, North Carolina. He graduated with a 
M.S. degree in August, 1981.
He p r o c e ed ed  t o  t h e  G raduate S c h o o l o f  L o u is ia n a  S t a t e  
U n iv e r s i t y  and A g r ic u lt u r a l  and M e ch a n ica l C o l le g e  i n  B aton  R ouge, 
A u g u st, 1981 t o  p u rsu e  t h e  d e g r e e  o f  D o cto r  o f  P h ilo so p h y  i n  D a ir y  
S c ie n c e .  He w as i n i t i a t e d  i n t o  Gamma Sigm a D e l t a ,  N a t io n a l  Honor 
S o c ie t y  o f  A g r ic u lt u r e  in  M arch, 1983. He i s  b l e s s e d  w ith  an 
a d o r a b le  s o n , I s i ,  who was b o m  in  J u n e , 1983.
He i s  now a c a n d id a te  f o r  th e  D o cto r  o f  P h ilo so p h y  in  D ecem ber,
1984.
157
EXAMINATION AND THESIS REPORT
Candidate: Edward E. Oamen
Major Field: Dairy Science
T itle of Thesis: Evaluation of reduced washing and hot packing as shelf-life
extenders of creamed cottage cheese.
Date of Examination:
November 28, 1984
Approved:
Major Professor and Chairman
/, i i  ii ' }AJ AX-'V- - ...
il/acDean of the Graduate (/S hool
EXAMINING COMMITTEE:
(h r h f v / ~ '  -<-?
/fiWUxJUi. 
c /  C
k. ^  / i ____/
IT-
